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Figure 1 (a) Projections' of the [100] ES (021) boundary structure onto
a plane perpendicular to the tilt axis (top) and onto the
boundary plane (bottom) .
Figure l(b) Projections of the [100] ES (031) boundary structure onto
a plane perpendicular to the tilt axis (top) and onto the







Interstitial sites in various regular polyhedra.
Excess volume versus angle for [100] and [110] boundaries.
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This report describes symmetric coincidence tilt-boundaries between
f.c.c. crystals made up of hard spheres. The hard-sphere interaction can
be thought of as one well-defined limit of the more general soft-sphere
interactions used in computer simulations (and certain metals, e.g. aluminum,
are made up of ions which interact in an almost hard-sphere way). The hard-
sphere solid with minimum energy is t~at with the maximum density. In con-
structing such boundaries, it is necessary to have a criterion for choosing
among alternative structures with the same tilt axis and angle; we selected
'che structure which had .the maximum density. Three tilt axes and all coin-
cidence densities up to E53 for [100], E43 for [110] and E39 for [Ill] ,were
examined, 52 boundaries in all.
Having constructed the boundaries, we calculated the coordinates of the
centers of the hard spheres, and used these coordinates to calculate
(a) the excess volume of each boundary
(b) the size of all the interstitial sites in the boun\Iary.
(c) the size of all substitutional"sites in the boundary.
Finally, we analyzed the structure of each boundary in terms of the packing of
polyhedral holes [1-3] and channels. The work is an extension of that published
earlier [1,2,4].
2. METHOD
2.1 Cons-truction of the BoundCtr'ief}
The grain boundary models were constructed graphically. Two symmetrical
half-crystals were translated with respect to each other until a mechanically
stable position which maximized the density without atom overlap was found.
This requires at leastthree cmtacts acrossthe boundary (Le. between anatanof one-2-
crystal and atoms of the other) per repeat unit of the boundary. Sometimes
the synunetry of the boundary yields a fourth (redundant) contact. with only
two contacts between the crystals, per repeat unit, the arrangement can al-
ways be densified by a relative displacement of one crystal, which is deter-
mined by maintaining the two contacts until a thrid is made.
After fixing the orientations, one crystal has three translational degrees of
freedom with respect to the other, and all three must be constrained at the
position of minimum density. For more than half the boundaries the densest
configuration included a relative displacement in the direction of the tilt
axis (the z direction). All [Ill] boundaries had such a displacement, but
only about half the [110] boundaries.
2.2 Faceting
Most boundaries are constructed without faceting. We may define faceting
by specifying that in a-boundary without faceting each half-crystal is composed
of allthe atans of that crystal up to a particularcrystallographic plane, and none
that plane. Afaceted boundary has half-crystals which contain some atoms beyond
a particular plane (parallel to the boundary) by omitting some atoms that are
beyond that plane. An intermediate case is possible when more than one atom
sits in each plane parallel to the boundary (per repeat unit of the boundary),
and in which the last plane of the half-crystal retains some atoms and omits
others. Our only example of this is [Ill] L:2la (231).
We have concentrated on constructing non-faceted boundaries. We find
that faceted boundaries are denser than non-faceted boundaries when a dense
plane in one crystal is almost parallel to another dense plane in the other
crystal. Good examples are [100] L:29a, (073) and (OS2), and [110] L:41c (338).






explore the possibility of faceted arrangements unless no unfaceted boundary
could be constructed with excess volume VEX less than 0.5. Several of the
[Ill] tilt boundaries that have a stacking order inversion are shown in facet-
ed arrangements. The excess volume for the faceted arrangements is surpris-
ing low comPared to the unfaceted ones. It may be possible to construct cer-
tain high sigma boundaries in dense faceted arrangements. For example, L8S (0,11,7)
appears in a surprisingly dense faceted arrangement. We expect that for
boundaries with a tilt axis of lower crystallographic order, the possibility
of faceting will become more important.
2.3 Excess VoZwne
All the boundaries have a periodic structure, as discussed in Section 4.1
and illustrated by Fig•. 1. A parallelepipE!d box is constructed with vertices
at atom centers well within good crystal, and with two of its faces parallel
to the boundary plane and congruent with the boundary repeat unit. If this
box has a volume V and contains N atoms, the excess volume associated with
d
e
one repeat unit of the boundary is v-NQ, where 51 = 0.7071 is the volume
associated with one sphere in the f.c.c. structure (the sphere diameter is unity).





so that V* becomes the dimensionless excess volume of one repeat unit of the
boundary. It is also convenient to express the area of the repeat unit, A, in
units of the "area per atom" in the structure 512/ 3 = 0.7937;
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Figure l(a) Projections of the [100] ES (021) boundary structure onto
a plane perpendicular to the tilt axis (top) and onto the
boundary plane (bottom).Figure l(b) Projections of the [100] L5 (031) boundary structure onto



















The excess volume of the boundary is then defined as:
vEX=, v* =
A*
VEX can be thought of as the number of atcms missing per atcm in the boundary
plane.
In the f.c.c. structure with spheres of unit diameter, Q = 2-1/2, and
Q2/3 = 2-1/ 3• VEX therefore represents a measurement of length, in units
Ql/3, which is 2-1/ 6 = 0.890899 for our unit sphere case. If a crystal were
pulled apart at a plane by 2-1/ 6 sphere diameters, that plane would be
with VEX = 1.o.
The excess volume can then be associated with the spacing between the
two nearest planes parallel to the boundary in the two crystals (in the un-
faceted case). The excess of that spacing over the normal spacing between
such planes in each crystal (in the case of symmetric boundaries), times 21/ 6,
is the excess volume. It is of course possible to normalize the excess volume
to other quantities, such as the sphere diameter or the unit cell edge. This
is what most studies of boundary structure do when they report a translation
of the crystals normal to the boundary plane.
2.4 Determination of Interstitial and Substitutional Sites and Sizes
Interstitial centers and sizes were determined by constructing (by
numerical methods) spheres passing through all sets of four atom centers,
and containing no atom center. The center of such a sphere is the center of
an interstitial site, and its diameter is equal to the sum of the original
sphere diameter (=1) and the diameter of the largest sphere which would just
fit into the interstitial site. The figures of Section 5 show the center
locations and the diameters of the largest of these interstitials.-7-
scribed above.
a nearby site.
It is shown there that if a nearest neighbor definition of more
= 1.309 sphere diameters is used, then it is possible to have the
2.5 Method of Identifying Boundary Struatures
Substitutional sphere sites were identified and sized by a modification of .
A typical boundary contains several interstitial and several substitutional
The classification of the various polyhedral structures occuring in a
one site will usually exclude the possibility of putting a substitutional at
ambiguity of the same region being described by different, interpenetrating
a larger site. In contrast, it is not generally possible to have all the sub-
lapping sites occurred, the larger was retained and the smaller was discarded.
dense random packing of single-sized hard spheres was developed in detail by
stitutional sites occupied at the same timer putting a substitutional sphere in
tween the two crystals and within each crystal. For this, the definition of
neighboring spheres was extended to a spacing of ~ sphere diameters be-
the same time without overlap between the interstitial spheres. If two over-
Because of this, it is possible that a listed interstitial is in a mechanically
The boundary structures were identified primarily by examining the
topological shapes created by joining the centers of neighboring spheres be-
neighbor spheres in a logical manner.
tion was given to the number, location and nearest neighbors of the larger
interstitial sites, which allows us to stretch the definition of the nearest
tween sphere centers, and occasionally slightly beyond that. A secondary considera-





sites per repeat unit. The interstitial sites shown can all be occupied at
unstable position, because the nearby stable site was eliminated by overlap of




tetrahedra. Because of the symmetry and regularity imposed by the crystals,
we do not find arrangements that have interpenetrating tetrahedra near the
minimum distance of ~. In the crystal, a nearest neighbor distance of
~ would cause the ambiguous definition of a regular octahedron as inter-
penetrating tetrahedra. For the boundary structures, however, we can use the
12' distance in those cases where it does not lead to interpenetration, and
exclude it where it does. This allows us to identify structures by
those neighbor connections which form convenient and representative polyhedra
around the interstitial sites.
For [100] and [110] tilt boundaries, the most representative polyhedron
to describe the surroundings of the larger interstitial sites is usually a
capped trigonal prism, aligned with the tilt axis. For a few cases, other
shapes are more representative because of the n~~er of neighbors of the
interstitial sites (see Sections 4.5 - 4.7). Differentiating between dif-
ferent shapes can occasionally be ambiguous; since the identification is
purely a matter of definition, the structure of the boundary should be
considered as it stands, not as a set of idealized regular polyhedra of the
same type.
3. GENERAL CONVENTIONS OF PRESENTATION
In this section we explain the various conventions we have used in the
presentation of the boundaries.
3.1 Description of Figures
The boundaries in this catalogue are shown as projections onto a plane
perpendicular to the tilt axis. The unit sphere locations are shown as dif-
ferent circular symbols for each different layer: open, solid, or crossed
circles. Each boundary is shown twice. The left-hand figure shows the loca-1
-9-
tim of the centers of the interstitial sites; the right-hand figure shows the' location of the
centers of the substitutional sites. The size of each site is givenbelowthefigure:
"size" means the diameter of the largest hard-sphere which can be placed at
the site, in units of the diameter of the spheres used to make the crystals.
The site symbols are usually, but not always, repeated for each recurrence
of the site in the figure. The sites are often labeled A, B, C, etc., which
indicates which of the various equivalent recurrences of a site has its co-
ordinates listed in the accompanying chart. For some boundaries there are
more than five distinct interstitial or substitutional sites. In this case,
the smaller sites are generally not plotted in the figure, though they are
listed in the chart.
Each figure is accompanied by a numbered list of sphere coordinates,
and a chart giving the size, coordinates, and neighbors of each substitutional
and interstitial site. The numbers of the unit sphere neighbors of a site are
occasionally given with primes or double primes (e.g. 7 ,7' or 7',7"). These
primes refer to unit spheres that are above or below the primary layers whose
coordinates are listed. Neighboring 7,7' means that sphere 7 and the sphere above
(or below) sphere 7 are treated as neighbors. Neighboring 7' ,7" means that the
sphere above and the sphere below sphere 7 are treated as neighbors; this would
only occur for the substitutional site in place of sphere 7. When more than four
neighboring unit spheres are listed, this is because redundancy is created by the
symmetry of the crystal with respect to the site. The same meaning of primed
sphere numbers is used for the list of contact pairs between the two crystals,
given at the top of each chart.
3.2 Coordinates
The z axis is the tilt axis, which is perpendicular to the plane of
the figure. The x axis is the [110] direction in crystal number one, the
lower crystal. Atom number 1 is almost always at coordinates 0,0,0. For-10-
the majority of boundaries the open circles in the lower crystal are at
z = O. In that case, the solid circles are at z = 0.5 for [110] tilt
boundaries and z =V2/2 for [100] tilt boundaries. In boundaries where
there is a 6z displacement across the boundary, the atoms in the upper
crystal (crystal 2), are shown with an additional ring. For the [Ill] ti~t
boundaries, in crystal 1 , the open circle is at z = 0, the solid circle is
at z = v6/3, and the crossed ·circle is at z = 2 y!6/3.
For the [110] and [100] boundaries with a 6z displacement between
the crystals, equivalent boundaries can be constructed with a +6z or
a -6z displacement. This is because the crystals have mirror sYmmetry about
the (100) and (110) planes. The choice of +6z or -6z is arbitrary.
For [111] boundaries, the sign of 6z cannot be
there is no mirror symmetry across the (111) planes. The 6z is fixed to
correspond with the stacking order of the (111) planes. The sign of 6z
can be inverted if the stacking order in both crystals is also inverted.
We have not used a consistent stacking order for these boundaries; the
B layer (solid circles) may sit in triangles of the A layer (open circles)
which point either toward or away from the boundary. This means we have
been arbitrary about which layer we label the A layer, that is, in which
layer we set the origin.
3.3 AngZe LaheZs
The angle used to describe the [100] tilt boundaries is the minimum
angle between [100] directions in the two crystals, 9. (This was the conven-
tion used by Smith, Pond and Vitek [6].) The minimum angle between [110]
directions is 90
0
- 9. The misorientation between the crystals can be des-
cribed by either angle of rotation. A common convention ("misorientation
convention") is to use whichever angle of rotation is smallest. This would
result in the same angle being used to describe both of the two sYmmetric
tilt boundaries for a given ~. We decided not to use the misorientation




For [llOJ tilt boundaries we have also used the angle between [100]
directions. The angle between [110] directions is in this case 180 0 - 8.
For [Ill] tilt boundaries we have used for e the miriimumangle describing
the rotat:Lon between the two crystals. The rotation between the crys-
tals could also be described by 1200 - 8 and 1200 + 8. For the set of
boundaries with mirror symmetry across the boundary plane (before translation),
8 is the angle between symmetric (112) directions, one in each crystal. For
the other set of boundaries in which a stacking inversion is imposed on the
mirror symmetry, 8 is the angle between symmetric (110) directions.
For all boundaries the labeling angle is shown opening to the left of
the figure.
In certain boundaries the structures (e.g. trigonal prisms) appear to be
upside down from similar structures in boundaries with neighboring angles.
This occurs because it is possible, given the symmetric orientation of the
crystals, to have two different relative translations of the crystals tha~
have equivalent structure but have the roles of,crystal 1 and crystal 2
reversed. If one of these is chosen rather than the other, the local struc-
tures will appear as though reflected through the boundary plane (i.e.
"upside down"). We have generally used relative translations which leave
similar structures in boundaries of neighboring angle in the same orienta-
tion. Exceptions to this, which therefore appear to have upside down struc-
tures, are: [100] L:37 (061), [110] L:27 (115), [110] L:ll (113), and
[Ill] L:7 (231).
3•4 Acau:t'aqy
The interstitial and substitutional sites are listed to five decimal
places of accuracy. This is justified for same of the boundaries, but it is
not for certain boundaries for which the atom coordinates were only calculated
to four decimal places. In addition, the program to calculate interstitial
sites occasionally produced errors in the fifth, or even the fourth, decimal
place. All coordinates, lengths and volumes are accurate to better than one
partin a thousand.-12-
It is entirely possible that the authors have overlooked some arrange-
ment for some boundary that is denser than the one presented here. This is
particularly true if we consider faceting. We would be grateful for any
such correction, and will keep available an up-dated errata sheet.
3.5 Order of Presentation
The boundaries for each tilt axis are shown in order of increasing
angle, not in order of increasing L. This allows a direct inspection of
the progression of structural units that provides the progression in angle.
For each tilt axis we provide a figure showing the different angles that
the various boundaries make with respect to their crystals. This plot pro-
vides an index to the order of presentation of the various sigma boundaries.
Only one arrangement (the densest) for each orientation is shown in the
main series that progresses in angle. For several boundaries, we included
alternative, less dense, arrangements in a section at the end. The progres-
sion of structural units in the main series is occasionally interrupted by
faceted boundaries which may show rather different figures than the boundaries
at neighboring angles. In this ca~e, a boundary configuration that contains
t~gures i~ the series may be included in the section at the end. These addi-
tional boundaries are arranged according to increasing L for each tilt axis.
4. RESULTS AND CORRELATIONS
Section 5 contains the figures showing the boundaries and the interstitial
substitutional sites they contain, as described in Section 3. The Table of
Section 5.5 presents a summary of the information, listing the excess volume, th
shortest repeat distance in the plane perpendicular to the tilt axis (L), the ~z
displacement between the crystals, the diameters of the three largest interstiti







of the repeat unit in the boundary plane (A). In this section we discuss
the general ·features of those results, together with some correlations be-
tween different features.
4.1 Symmetry
Because all the boundaries considered here are symmetrical tilt boundaries
at coincidence orientations, their structure contains the symmetry of repeated
identical units. The length of repeat distance in the direction of the tilt
axis is determined by the distance between equivalent planes perpendicular to
the tilt axis. For [110] axis it is 1.0 sphere diameters; for [100] it is
~; and for [Ill] it is ..f6'. In the direction perpendicuZar. to the tilt
axis, the repeat distance, L, depends on the orientation or E value. For
[100] boundaries, which have planes (Oki) parallel to the boundary plane, the
length is v'f""' when k and i are both odd, and v"'2'f1 when either k or i
is even. (Both k and t cannot be even because we could then re-express
the boundary plane by dividing the indices both by 2.) For [110] boundaries,
which have (hhQ.) planes, the length is v'l:' when i is odd and ~ when i is
even. For [Ill] boundaries, the length is V? for those boundaries without
,
a stacking inversion, and ~ for those boundaries with a stacking inversion.
For half the [100] boundaries and several of the [110] boundaries, each
plane parallel to the boundary contains atoms on both the A and B layers.
In this case, any arrangement will repeat alternatively along the boundary
based first on the A layer, then on the B layer, then the A layer again, etc••
This appears as a staggering of boundary figures, with a reversal of A and B
atoms. For [100] boundaries, (Oki), this occurs when k + Q. is odd, which it
is for one of each pair of boundaries for each r value. For [110] boundaries,-14-
(hh.Q,), this occurs when h and .Q, are both odd, which it is for one of the
two boundaries for some l: values.
For [Ill] boundaries, a similar staggering sometimes occurs among the
A, B, and C layers. For the boundaries without a stacking inversion it
occurs when l: is not a multiple of 3 (i.e. 7,13,19,31, and 37). For
those boundaries with a stacking inversion, there is no staggering of identical
arrangements, even though those boundaries with l: a multiple of 3 (i.e.
3,21, and 39) do have an atom for each layer in each plane parallel to the
boundary. Because of the stacking inversion, the A, B, and C atoms do not
occur along the boundary in the same order.
When this staggering is present, the smallest unit of repeating structure
is not actually described (in projection onto the boundary plane) by the
rectangle of the vector between equivalent atoms along the tilt axis and the
vector between equivalent atoms perpendiouZar to the tilt axis. It is des-
scribed by the parallelogram of the tilt axis repeat vector and a non-
perpendicular vector between equivalent atoms on different layers. The dif-
ference appears clearly in Fig. 1, where the two [100] l:S boundaries, (021)
and (031), are shown in two projections: along the tilt axis (the usual),
and perpendicular to the boundary plane. For the (021) boundary, the repeat
unit is a parallelogram, in accord with its staggered arrangement.
Most of the maximum density boundaries that do not have staggering show
another sort of symmetry internal to the repeat unit. The arrangement of
atoms in one half of the repeat unit is repeated in the other half with a
rotation of 180 0 about an axis lying in the boundary plane, perpendicular to
the tilt axis. This rotation plus translation provides a two-fold screw axis.
If there is no ~z displacement between the two crystals, the rotation





plane as the glide plane. Examples of this, in an arrangement of maximum
density, are E3 (112), E17b (334), and E43 (556). For one boundary,
El7b (223), the glide direction is not perpendicular to the tilt axis, but
has a component along the tilt axis that shifts the arrangement from the
A layer to the ~ layer, etc••
For boundaries with internal screw axis symmetry, the axis is always
in the plane of the boundary, that is, midway between the last planes present
in the two crystals. There are t.wo axes per tilt"axis repeat vector. For
the degenerate case without staggering, e.g. E3 (112) the axes are in the
planes of the A and B layers. For the degenerate case with staggering,
e.g. E17b (223), they are midway betwen the A and B layers. For the non-
degenerate cases, i.e. ~z ¥ 0, they are either midway between the A and A'
layers and midway between the B and B' layers, or midway between the A and B'.
layers and B and A' layers. (We are labeling as A' the layer in crystal 2
which is nearest to the A layer in crystal 1.) In the former case, a given
local arrangement stays at the A - A' and AI - A level. In the latter, an
arrangement appears to stagger between the A - A' level and the ~' - B level.
Nine of the boundary configurations are in exact coincidence site lattice
(CSL) positions, as marked in the table. This means that 6.z = O. For four
boundaries, they are not the densest arrangement. When a boundary is in the
exact CSL position, the two crystals are in exact mirror symmetry, except for
a few atoms per repeat unit, near the boundary plane. The configuration can
sometimes be made entirely symmetrical by moving those atoms into the minor
plane without a change in density. An example of this are the E25a (071),
and the E9 (114) boundaries. The latter boundary can also be made into a faceted
boundary with glide reflection symmetry by a different rearrangement of a small
number of atoms at constant density.TABLE 1
Faceted Boundaries
Ideal
VEX VEX Tilt Boundary Dense Nearly Boundary
Axes Boundary Angle Parallel Planes* Angle. Faceted Unfaceted
[100] E17a (053) 61. 93° (100) (210) 63.43° 0.40339 0.42850
E29a (073) 46.40° (110) (100) 45.00° 0.39735 0.46398
E29a (052) 43.60° (110) (100) 45.00° 0.39336 0.4422
E85 (0,11,7) 64.94° (110) (310) 63.43° 0.37085 t
--
[110] E19a (116) 153.47° (100) (311) 154.76° 0.42619 0.4498*
E27a (552) 31.58° (110) (111) 35.26° 0.31195 0.43619




121.01° (100) (111) 125.26° 0.30932 I
E4lc (338) 124.12° (100) (111) 125.26° 0.27305 0.46822*
[111] E39a (341) 32.210 (110) (121) 30.00° 0.45379 t
E37c (10,11,1) 50.57° ** 0.46030 t
L3la (7,11,4) 17.90° ** 0.49153 t
E21a (231) 21.79° ** 0.49375 t
EBb (572) 27.80° (110) (121) 30 •. 00° 0.48069 t
* Planes parallel to the tilt axis
** None apparent
t No unfaceted configuration calculated
* Unfaceted configuration without symmetry
• Boundary angle that would have the dense planes exactly parallel-17-
The only boundaries that do not show staggering, screw axis, or potential
mirror symmetry in their densest arrangements are [Ill] boundaries without
stacking inversion where E is a multiple of three: E39a (572), E21a (451),
and E3 (121). The boundary E3 (121) shows no internal symmetry as a [Ill]
boundary, but does have glide-reflection symmetry as a [110] boundary, (112).
The common occurence of screw axis symmetry is a surprising result of
this catalogue. Were it not for the E25a (071) boundary, we might conjec-
ture that all [100] and [110] boundaries showed either staggering or screw
axis symmetry in their densest arrangement.
4.2 Faceting
That some boundaries can be constructed more densely in a faceted
configuration is a surprising result of this study. As mentioned in
Section 2.2, this occurs for [100] and [110] tilt boundaries when there is
a dense plane, A, in crystal one that is nearly parallel to a dense plane,
B, in crystal two. Because of the symmetry, plane B of crystal one is also
almost parallel to plane A of crystal two. This situation will not lead to
faceting, however, if planes A and B make too great an angle with the
boundary plane. Table 1 lists all the faceted configura~ionswe have dis-
covered, together with their dense nearly parallel planes and the excess
volume of the faceted and unfaceted configurations.
4.3 Excess VoZume
The excess volumes vary from zero (for the coherent twin) to about 0.5.
In general [110] tilt boundaries are the densest, with an average excess
EX volume, V , of 0.309 (including the coherent twin). The [100] tilt
boundaries are less dense, with an average vEX of 0.422 (including
Ea5b (0,11,7». The [lllJ tilt boundaries are less dense still; those without
a stacking inversion have ~X averaging 0.419 if the Z3 (121) boundary is
included, which is also a [110J boundary. Without the Z3, they have an
average of 0.449. The [lllJ boundaries with a stacking inversion have an
















Figure 2 Interstitial sites in various regular polyhedra.-19-
TABLE 2
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Figure 4 Largest interstitial versus angle for [100] and [110] boundaries.-22-
In general the boundaries with higher E have greater excess volume,
for all tilt axes. The correlation is only rough, and is not plotted. The
best correlation we have found for all the boundaries together is with the
area of the repeat unit. This is shown in Fig. 5, and replaces the correla-
tion with repeat distance published previously [4]. (In that reference the
repeat distance used for boundaries showing staggering internal symmetry was
the projection of the repeat unit vector onto the plane perpendicular to the
tilt axes, which is 1/2 L.)
To demonstrate the general validity of the correlation between excess
-
volume and tilt axis, Fig. 3 plots the excess volume versus angle for [100]
and [110] boundaries. With a similar number of boundaries for each axis, the
[110] boundaries are definitely denser on average.
4.4 Interstitial, and Suhstitutional, Sites
Almost all boundaries contain interstitiaIs of diameter 0.6 or larger;
many contain interstitials greater than 0.8 in diameter. Interstitials
larger thanO.90 are not found in boundaries arranged in their densest con-
figurations. These interstitiaIs are much larger than those found either in
the perfect crystal (maximum 0.414) or in the dense random packing of hard
spheres (maximum 0.7; see Frost [5]). For comparative purposes, Table 2
lists the interstitial sizes in several undistorted polyhedra. Figure 2
shows these polyhedra with unit spheres and shaded interstitials.
The size of the largest interstitial correlates roughly with the E
value of the boundary. A better correlation is obtained between the largest
interstitial and the area of the boundary repeat unit, shown in Fig. 5. For
a given repeat unit area, in the densest configuration, there is a maximum
interstitial size possible. If the site were too large, then the boundary-23-
could be densified by pulling the crystals apart until the site reached
1.0, and inserting another unit sphere. We have not developed a general
method for calculating this maximum.
When all the boundaries are considered, there does not appear to be
any consistent variation in largest interstitial size with tilt axis. This
is shown in Fig. 4 which plots the largest interstitial size against angle
for [100] and (110] boundaries.
Certain boundaries which are particularly dense contain no special substitu-
tional sites, that is, no sites larger than 1.0. All unit spheres are con-
strained in all directions by contacts with other spheres.
Other boundaries with larger excess volume contain large substitutional
sites of size up to 1.23. The correlation between excess volume and largest
substitutional is very rough. The correlation between repeat unit area and
largest substititional size (shown in Fig. 5) is also rough.
4.5 [100] TiZt Boundary Structures
All the [100] tilt boundaries contain trigonal prisms, which, because
they must conform to the spacing of (100) planes, are extended to a height
(normal to the figure) of ~ instead of 1. (See the stretched trigonal
prism in Fig. 2.) When there is a b.z displacement between the crystals,
the trigonal prisms are distorted by a shear in the plane of the boundary.
The prisms are usually distorted by stretching one or two of the horizontal
edges between the two crystals. The only exceptions to this are I5 (021),
I13 (023), and the third densest configuration of I29 (073).
Because the trigonal prism are stretched to ~ height, the spheres
on the alternate plane which form the caps to the rectangular faces are
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Figure 5(b) Same as Figure 5{a) with the labels removed for clarity.-26-
caps may be as close to each other as L 366, which is less than the prism
height. (All three caps cannot mutually be as close as this, because the
crystal symmetry does not allow it.) The interstitial site in the middle of a
prism is always limited in size by one or more of the capping spheres. The
interstitial never touches all six corners of the prism. If the prism is sheared
by a ~z displacement, the interstitial could touch at most five prism corners,
but never does so because it is limited by a capping sphere. Often the inter-
stitial does not lie in the midplane of the prism (-t:he plane of the caps), but
closer to one erid or th~ other. (With a ~z displacement where not all the capping
atoms are in the same (100) plane, the interstitial often does not lie in the
plane of the caps in either crystal.)
The prisms are linked by other figures. In some boundaries, the only
other figures are octahedra and tetrahedra, more or less distorted (they are
not outlined on 'the figures). But in some boundaries other figures appear.
In various configurations of boundaries with angles greater than 610 there
appears a shape which we may call the five-sided channel of' type A. (It is
not marked in E13 (032) and E85 (0,11,7), and appears only in the less
dense configurations ofE37a (075) and E17a (053).) It is an almost
cylindrical channel ringed by five atoms with the stacking sequence A-A-A-B-B.
A clear example appears in E25 (043). Another such five-sided channel is
possible (type B) with the stacking sequence. A-B-A-B-Ar it isa distortion of
a trigonal prism which appears in some [110] boundaries, but not in any of
the [100] boundaries.-27-
4.6 [110] TiZt Boundal'y Structures
The E3 (lll) boundary is the coherent twin, containing only undistorted
octahedra and tetrahedra. Most of the others contain trigonal prisms (same
of which are capped with half-octahedra). The spacing of t~e [110] planes is
1.0, so the figures are not stretched normal to the plane of the figure.
In those boundaries with a ~z displacement, the trigonal prisms are dis-
torted by a shear in the plane of the boundary. In general, the prisms are
distorted by a stretching in the plane of the figure. Those seven boundaries
with angles less than 59°, (441) to (SS4), have one of the horizontal edges
stretched to v'2"" between two spheres in the same crystal. For some of thesE;},
another edge (between the two crystals) is stretched beyond ~
The five boundaries between 80° and 110°, (SS6) to (112), have a horizontal
---,
.edge between the. crystals stretched to V2. These boundaries make contact
between the two crystals in a similar arrangement, which also produces ~z = o.
The five boundaries with angles between 121° and 149°, (22S) to (lIS)
show more nearly regular trigonal prisms. The boundary with the greatest
angle, 159.95°, E33a (118), shows no trigonal prism at all in its densest,
faceted, arrangement.
Because the trigonal prisms are of height 1.0, the capping spheres can
be far enough from the center to allow the interstitial site to touch all
six (~z = 0) or five of the six (~z =I 0) prism corners. This is the case for
boundaries of angle greater than 121° which show nearly regular prisms. In
other boundaries, however, the horizontal stretching of prism edges to ~
brings the capping spheres closer to the center and they begin to limit the
interstitial size. For boundaries with prisms stretched~across the
boundary (80° to 110°), the interstitial touches two pairs of prism corners-28-
and one cap (except for ~43 (335) where it touches all six corners). For
boundaries with prisms stretched ~ within one crystal (less than 59°),
the interstitial touches either three different corners and one cap, or
two corners and two caps.
In addition to trigonal prisms, five-sided channels appear in several
[110] boundaries. The four boundaries with angles greater than 141° all
have an example of a five-sided channel of type A. Although some of the regions
drawn as channels in these boundaries might also be considered widely
stretched trigonal prisms, each boundary shows at leastone channel that cannot
be well described as a prism.
Five-sided channels of type B are found in two of the [110] boundaries:
~19 (331) 26.53°, and the less dense configuration of ~9 (221) 38.94°. The
channel description is more appropriate than the prism description because
the channels contain two different interstitial sites.
4.7 [111] TiZt Bouruiary St!"UCtures
Because the spacing between identical layers of the (111) planes isR ,
there appear no trigonal prisms that have the tilt axis as their vertical di~
rection. The triangles drawn between the crystals show contacts or near con-
tacts between the crystals within one layer (offset by ~z). For all the [Ill]
boundaries without a stacking inversion, and some with a stacking inversion,
the triangles delineate tetrahedra. Neighboring the delineated tetrahedra,
there are other tetrahedra which are more distorted. The number of these
additional tetrahedra depends on the distortion allowed in the definition of a
tetrahedron (or the nearest neighbor distance).
The spaces between the tetrahedra cannot be conveniently classified as
simple shape~. They form multi-faceted channels running in the direction of the
tilt axis, Zig-zagging back and forth between the different (Ill) planes.-29-
5. CATALOGUE OF BOUNDARY·STRUCTURES-30-·-31-
5. 1 DENSEST [100J 'BOUNDAR,XES
Listed in order of increasing angle-32-
Ql. . • 0
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Contacts: 1-20, 1-21, 8-28, 10-28
Interstitials x y z d Touching
A 2.73067 2.85055 -0.29612 0.88006 10,12,29,30,(30' ,31)
B 3.27993 3.30285 0.41209 0.76639 12,14,30,31
C 3.82765 3.76344 -0.29703 0.66086 16,31,33,33' ,35
D 4.37219 4.22532 0.41008 0.56598 18,33,35,35' ,37
E 4.92019 4.68171 -0.29703 <}.49576 18,35,37,37',39
Substitutionals x y z d Touching
A 12 3.23045 2.76955 0.70711 1.14039 10,10',14,14',30
B 4 1.30065 0.69935 0.70710 1.07796 2,2' ,6,6' ,24
C 14 3.81172 3.18828 0.0 1.06968 12,12',16,16',31
D 6 1.89359 1.10641 0.0 1.02252 4,4',8,8',26
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Contacts: 1-22, 3-22, 5-22, 8-26
Interstitia1s· x y z d Touching
A 0.57143 1.42857 0.70711 0.86263 3,5,5 ' ,8,20,23,23 ' ,26
B 2.08490 1.91509 0.0 0.83805 6,9,9 I ,11,29
C 1.14286 1.85714 0.0 0.73793 5,8,8',23,26,26' ,29
(D) 2.78571 2.64286 0.40406 0.57791 11,13,31,33
(E) 3.26923 2.73077 0.0 0.55757 11,13,13' ,15,33
(F) 3.46774 3.5 0.0 0.46054 33,35,35' ,36,15
•
(G) 3.87500 3.12500 0.70711 0.45774 13,15,15' ,37,35
Substitutionals x y z d Touching
A 31 2.35577 2.58654 0.70711 1.19214 9,29,29' ,33,33'
B 11 2.74359 2.25641 0.0 1.12743 9,9' ,13,13 ' ,33
C 33 2.91111 3.04444 0.0 1.09644 11,31,31',35,35'
(D) 13 3.35937 2.64063 0.70711 1.03917 11,11' ,15,15' ,35
(E) 29 2.0 2.16216 0.11467 1.03906 8,9,11,31
(F) 35 3.46053 3.51316 0.70711 1.02785 13,33,33 I ,36,36'


































































































































































































































Contacts: 1-26, 1-27, 4-29
Interstitials x y z d Touching
.
A 0.58697 0.41157 0.70608 0.83141 2,28,27,unnumbered
11,13,37,39
B 1.58369 1.80116 -0.09289 0.81527 6,31,32,32' ,34
C 1.17535 0.82118 -0.00246 0.67939 2,4,28,29
D 2.15486 2.24270 0.61421 0.64845 8,32,33,33' ,34
E 1.76994 1.23006 0.70711 0.55673 4,6,6' ,8,29
(F) 2.79785 2.20215 0.70711 0.52542 8,10,10' ,12,34
(G) 2.72051 2.69549 -0.09289 0.51056 10,33,34,34' ,37
(H) 3.43469 2.56530 0.0 0.42622 10,12,12' ,37
(I) 3.27582 3.16943 0.61423 0.42411 12,34,37,37',39
Substitutionals x y z d Touching
A 8 2.23999 1.76002 0.70711 1.13093 6,6' ,10,10' ,32
B 6 1.81834 1.18166 0.0 1.06494 4,4' ,8,8' ,29
C 33 2.06860 2.41895 0.09289 1.05100 10,32,32' ,34,34'
(D) 10 2.86084 2.13916 0.0 1.03836 8,8' ,12,12',33































































































































[100] 2:13 a 22.62




























A 7 1.16917 0.0 1.02822 1.05644 5,5' ,9,9' ,20-40-
0 0 • • •
0
0




0 • X Y Z
1 0.0 0.0 0.0
•
0 2 1• 0 0.0 0.0
3 0.5 0.5 0.70711
4 1.5 0.5 0.70711
• 5 1.0 1.0 0.0
0 ..... 6 2.0 1.0 0.0
C> - •
C> 7 2.5 1.5 0.70711 0 ~
0 •
l> 8 3.5 1.5· 0.70111 • 9 3.0 2.0 0.0
0 N 0 • ;:!: 10 4.0 2.0 0.0 •
C> -
~
11 3.5 2.5 0.70711 ~ •
~ 0 <iI
g 0 12 4.5 2.5 0.70711
0 ..... 0 • 13 5. O' '3.0 0.0 • E
•
0 14 6.0 3.0 0.0
0 '0 0 • Il!I 15 5.5 3.5 0.70711 ,... • ... 'i 0 '0 16 -0.6765 0.7941 0.70111 ex)
N 17 -0.2059 1.6765 0.70711
18 0.2647 2.5588 0.70711
~ 19 0.0 1.0 0.0
~ 0 • 20 0.4706 1.8824 0.0 0 • •
0
21 0.9412 2.7647 0 0.0
• 0 .. 22 1.1471 2.0883 0.70711 ...... 0
0 23 1.6177 2.9707 0.70711 ~ • •
0
24 2.0883 3.8530 0.70711 0
0 • 25 1.8236 2.2942 0.0
0 26 2.2942 3.1766 0.0 • • 27 2.7648 4.0589 0.0
0 28 2.5 2.5 0.70711
29 2.9706 3.3824 0.70111
• 30 3.4412 4.2647 0.70711
0 31 3.6471 3.5883 0.0 - • 32 4.1177 4.4707 0.0 0 :;; ...,
0 •
e:i 33 4.3236 3.7942 0.70711
l>
34 4.7942 4.6766 0.70711 • • en 35 5.0 4.0 0.0 ... ....,
0 ""
<iI
0 • ..... • - "" •





Contacts: 1-19, 3-19, 5-19, 3'-19
Interstitials x y z d Touching
A 0.62499 1.37502 0.70711 0.76779 3,5,5',17,20,20',22
B 1.63635 1.36365 0.70711 0.74869 4,6,6',7,22
C 1.25010 1.75000 0.0 0.58121 5,20,22,22',25
(D) 1.91306 2.0 0.70711 0.54207 7,22,25,25' ,28
(E) 2.29999 1.70000 0.0 0.52316 6,7,7',9,25
Substitutiona1s x y z d Touching
A 22 1.25006 1.75003 0.70711 1.12139 5,5',20,20',25,25'
B 25 1.90325 2.03225 0.0 1.07355 6,21,22',28,28'
C 5 1.0 1.03337 0.02360 1.00167 3,4,6,19,20
Lattices exactly on the coincidence lattice; CSL sites: 19,28,35(100) I53b 31.69° (072)
.-I
• 0. 0 0. 0 .0. ·0. 0
O. .0 "0 0. 0. O. O(j)O .0 .0. O.
~ O. .~.O O~ 0
~'O~?~~.~~~J
~ 68 ~F~ 00bSl-' 6 ~~ 0 ~. 6
O • • • 0 0 0
• 0 0 • • o 0 • • • 0 0
O. .0.0 O· O·
O. .0 .0 O· O.
• 0 0 0 • • • 0
o 0 • • • 0 0
00858 60842 '\70129 00696 ~0618 ~0569 AZ·0044
• 0. 0. 0 .0 .0. 0 O. 0.0 .0 .0. O.
O. nO. 0 41 ., 0 41 49· 0 .55 51 0 (1)61
&.. 0. 31 j9 .0ft!5 46. 051 5j 0..r9 60 0
~
j6 j5 Q40 ~ 48 q54 ~ 62 . ~I ~t~ ,-P~4 1,"8 1
5
:2 ,~~ ," Ie, f 0 I . 8 ' ,
~_ 2 0:- 10 k- ~~ 24 ~- ~
ow • 8 • Vj. 16 0 22 0 ow28
• 0, 6 On 12 0 .18 20 • 26 • Oj2
o j 01.9 0 ~5 11 • 0 23 25 • 029 jl
o .5 • Ij • 0 19 21 0 21 o·
.4.0 0 o••
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~53b 31.89° (072) llZ = 0.04373
VEX = 0.46567
Contacts: 6-33, 10-40 I 8-33.
Interstitials x y z d Touching
A 3.01105 2.92811 0.04302 0.85835 14,16,45,46
B -0.4B22 0.41721 0.70711 0.84188 1,1',3,6,35
C 1.08088 1.85956 0.04212 0.72877 8,10,39' ,40
D 2.16882 1.83118 0.0000 0.69631 11,12,12',14,42
E -0.84728 0.79343 0.04373 0.61831 2,34,35,35',36
F 0.25972 0.74028 0.0 0.56903 1,6,6' ,8,34
G 1.72271 2.22820 -0.66337 0.52550 10,40,42,42',44
H 2.39968 2.43887 0.04373 0.48985 14,42,44,44'
I 2.85841 2.14159 0.70711 0.46982 12,14,14' ,16,44
J 0.51062 1.51354 0.04374 0.42145 8,33,33',39
K 0.97073 1.02927 0.70711 0.41663 7,8,8',10,33
Substitutionals x y z d Touching
A 35 -0.85347 0.82003 -0.66337 1.12978 2,34,34' ,36,36'
B 16 3.45450 2.63651 0.70711 1.10875 14,14' ,18,46
C 34 -0.17678 1.03193 0.04374 1.09576 1,33,33',35,35'
D 44 2.42643 2.57077 -0.66337 1.09267 14,42,42' ,46
E 42 1.71529 2.26007 0.04373 1.06314 10,40,40' ,44,44'
F 14 2.88182 2.11818 0.0 1.02774 12,12',16,16',44-44-[100] E53b 31.89° (072) !:J.Z = 0.04373
x y Z . X Y Z
1 0.00000 0.00000 0.00000 32 9.00000 5.00000 0.00000
2 -1.00000 -0.00000 0.00000 33 0.44087 1.49729 0.75084
-0.50000 -0.50000 '0.70711 .
34 -0.24781 1.33691 0.04373 3
4 0.00000 -1. 00000 0.00000 35 -0.93649 1.17654 -0.66338
5 0.50000 -0.50000 0.70711 36 -1. 62517 1.01616 0.04373
6 0.50000 0.50000 0.70711 37 -1. 09687 1.86522 0.04373
7 1. 00000 0.00000 0.00000 38 -0.40819 2.02559 -0.p6338
8 1. 00000 1.00000 0.00000 39 0.28049 2.18597 0.04373
9 1.50000 0.50000 0.70711 40 0.96917 2.34635 -0.66338
10 1.50000 1.50000 0.70711 41 0.80879 3~03503 0.04373
11 2.00000 1.00000 0.00000 42 1.65785 2.50673 0.04373
12 2.50000 1.50000 0.70711 43 1.49747 3.19541 -0.66338 I 13 3.00000 1.00000 0.00000 44 2.34653 2.66710 -0.66338 ~
lJl 14 3.00000 2.00000 0.00000 45 2.18615 3.35578 0.04373 I
15 3.50000 1. 50000 0.70711 46 2.87483 3.51616 -0.66338
16 3.50000 2.50000 0.70711 47 2.71445 4.20484 0.04373
17 4.00000 2.00000 0.00000 48 3.56351 3.67654 0.04373
18 4.50000 2.50000 0.70711 49 3.40313 4.36522 -0.66338
19 5.00000 2.00000 0.00000 50 4.25219 3.8~692 -0.66338
20 5.00000 3.00000 0.00000 51 4.09181 . 4.52560 0.04373
21 5.50000 2.50000 0.70711 52 4.94087 3.99729 0.04373
22 5.50000 3.50000 0.70711 53 4.78049 4.68597 -0.66338
23 6.00000 3.00000 0.00000 54 5.46917 4.84635 0.04373
24 6.00000 4.00000 0.00000 55 5.30879 5.53503 -0.66338
25 6.50000 3.50000 0.70711 56 6.15785 5.00673 -0.66338
26 7.00000 4.00000 0.00000 57 5.99747 5.69641 0.04373
27 7.50000 3.50000 0.70711 58 6.84653 -?69541 0.04373
28 7.50000 3.50000 0.70711 59 6.68615 5.'16711 0.04373
29 8.00000 4.00000 0.00000 60 7.37483 6.01616 0.04373
30 8.00000 5.00000 0.00000 61 7.21445 6.70484 -0.66338





1 0.00000 0.00000 0.70711
2 1.0 0.0 0.70711
3 0.5 0.5 0.0
4 1.5 0.5 0.0
5 2.5 0 .. 5 0.0
<:> 6 1.0 1.0 0.70711
~ 2.0 ,1.0 0.70111 " 1
0
Q) 8 3.0 1.0 0.70711 - c ;;; 0 9 2.5 1.5 0.0
0 •
c - 10 3.5 1.5 0.0
0 11 3.0 2.0 0.70711 0 • r-- 12 -1.02727 1.55455 0.89995 (X)
<D 13 -0.4272-7 2.35455 0.89995 ,..,
14 -0.92727 0.85455 0.19285
It) 15 -0.32727 1.65455 0.19285
e--l • 16 0.27273 2.45455 0.19285 0 0 • 17 0.81213 3.25455 0.19285 0
....... 0, 18 -0.22727 0.95455 0.89995 0 • :2 19 0.37213 1.75455 0.89995 ......
20 0.97273 2.55455 0.89995
21 1.57273' 3.35455 0.89995
22 1.07273 1. 85455 0.19285
0 23 1.67273 2.65455 0.19285
24 2.27273 3.45455 0.19285
25 1.77273 1.95455 0.89995
















Contacts: 1-18, 3-18, 6-19, 6-22'.
Interstitials x y z d Touching .
A 0.42930 1.30808 0.18570 0.66431 3,6,15,.19
A' 1.67677 1.31313 0.00714 0.66431 4,7,22,25
B 0.38462 0.61539 0.70711 0.45138 1,3,3',6,18














































































































































































































Contacts: 1-24, 7-28, 9-30
Interstitials x y z d Touching
A 1.93785 1.82914 0.20558 0.64424 11,30,31,32
B 0.5 0.31030 0.57297 0.64265 1,4,5,28
C -0.5 0.30442 0.56881 0.63244 1,2,3,25
D 1.22280 1.08928 0.22067 0.62569 7,9,28,29
E -0.02214 0.66377 -0.36803 0.51858 1,24,24' ,25,28
F 1.81753 1.18247 0.70711 0.50544 7,9,9',11,30


















© • @ © 0
@ @ • 0




@.... @ ~ 0
X Y Z @~ ~ • 0
@~ <iJ 0 0 • 1 O.OOO\)(i o. OOO(~;O o•0()t:'~CG @ @~V~·~ 0 2 -1.0(JOOO '-0.0';)000 o+ (:q)(j {)(;
@ ~"" :::2 .....
3 -0.50000 -0.50000 C,+~7()7il 0- • @ o· ::;:! 0 4 0·50000 -0.500CrO 0.7()711
@"" ::: • 5 1.00000 -0. 1)0000 0.00000 "" 0 • @ @~@
<::>
@ 0 CD ""
0- 6 1.50000 -0.50000 0.70711
@ ,@~ <!' ",,0 7 2.00000 0.00000 0.00000 @ @~c'" •
@~ ~ • 8 2.50000 -0.50000 0.70711
@ ©::c <D 0 9 2.50000 0.50000 0.7071:1. @ ~ @ ...... ..-.
"" @ @ ~ •
;;; 10 3.00000 0.00000 0.00000 @ @ .-
0 11 3.000CO 1.00000 o •0000.) @- 0 0 <J
@ ""@ • 1 ,""} 3.50000 0.5·)000 C'. 7071:l 0 ~
..:. @ @V
..... 13 3.50000 1.50000 O.?07U. • 0 ..... ...
'" •
~ 14 4.00000 1.00000 0.00000 r-- © @ • 0 0 • ~
@ 0 0 15 4.00000 2.00000 0.00000
0 16 4.50000 1.50000 0.70711 0
<t 17 5.00000 2.000C'0 O.ooCroo to
<t 18 5.50000 1.50000 0.70711
0 19 6.00000 2.00,)O() 0.00000 en @ 0 20 0.12715 '0.93213 0.33908 N @ • w @ @ 0 21 @ • -0.57975 0.9493'7 -0.'3.5803
@ @ 0
22 0.14439 1.63902 -0.36803 ..- @ @ • 0 @
Cib~·
• 23 o ~ :33·405 0.'11488 -0.36803 0
@ @ 0




@ 0 .... 1.54094 0.89764 0.33908
@ <J •
<I 26- 1.55818 1.60454 -0.36803 @ 0
@ 0 • 27 @ ~ 0 2.26508 1.58730 0.33908
@
@~.
• 0 28 2+28232 2 ~ 2t:?4:;'~O -0.3t.·803 @ ;;:;
@ •
<::> 29 2.98/:1'22 2.27695 0.33'708 0 ..... •
Q
@ 0 0 30 3.00646 2.98385 -0.36803
@ • 31 3.71336 0.33908 @ <J 0 •
2.96,:S61
@ @ 0 ... 32 3.73060 3.67351 -0.36803 @ ..... ...
@ ~ • 0
<D
@ @ •





[> 34 4. 4~~749 3.65627 0.33908
@ @ 0 35 5.12715 2.9::::213 0.33908 @ Cib= •
.....
@ •
::! 36 5~14439 3.63903 -0.36803 @
<D
@ @ =<J 0 Q
37 5. 8340~; 2.9:1. ..'\89 -0.36803 @ • 0 <J 0
@ @c •













(073) 6.z· = 0.33908
VEX =0.39735
Contacts: 1-20, 11-27, 5-23, 13-29
Interstitia1s x y z d Touching
A -0.5 0.29968 0.56546 0.62426 1,2,3,21
B 0.38791 0.29888 -0.64415 0.61832 1,4,20,23
C 1.5 0.28757 -0.55681 0.60339 5,6,7,25
D 0.82762 0.65165 0.33908 0.50908 5,20,23,25















7,7' ,11,11' , 25(j) 0
~ ~. 0 © >J •
© (j)" 0
(j) o. 0 © •




@ \''''. 0 © -p •
© (j)"" = 0 (j) O. 0 X Y Z
©~ , . .".
o \'" 0 •
1 0.0 0.0 0.0
(j)~ -~ 0 2 1.0 0.0 0.0
(j) © 0,. "",.
© N 0 • • 3 2.0 0.0 0.0
(j)." ",,0
0 4 0.5 0.5 0.70711
@ \'_. ©~ --)5 "'"'. 5 1.5 0.5 0.70711
© (j) """ "" 0 0
~ 6 2.5 0.5 0.70711
(j)_ 0 • 7 2.0 1.0 0.0
-© "" \ "".
1\ -




Q 9 4.0 1.0 0.0
(j) ©~,.- •
:z
© • 0 • 10 3.5 1.5 0.70711
0
r<'l 11 4.5 1.5 0.70711
r<'l 12 5.0 2.0 0.0
l(')
13 -0.38149 0.84193 1.03273
l(') 14 -0.28149 1.5419& 0.32562
H (j) 0 15 0.41851 1.44198 1.03273
@ 0> \~ •• 0 16 1.11851 1.31+198 0.32562
CD
0 ©(j) (j) ,..00 "" 17 0.51851 2.14198 0.32562
2
.....
Q 18 1.21851 2.04198 1.03273
© \ •
0> @ :t:~ 0 O·
...... 19 1.91851 1.94198 0.32562
<J 20 2.61851 1.84198 1.03273
(j)© © "0·. 21 2.01851 2.64198 1. 03273
. 0
@ @t}. 0
22 2.71851 2.54198 0.32562
© ~ • 23 3.41851 2.44198 1.03273
© (j)" 0 ;:;:; 24 4.11851 2.34198 0.32562
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~Contacts: 1-13, 4-13, 4-15
Interstitia1s x y z d Touching
A 0.65570 0.79984 0.0 0.56734 4,4
1 ,15,16
B 1.07674 1.04960 1.03273 0.53262 5,15,16,16'
C 0.37709 1.15203 0.32563 0.53073 4,14,15,15' ,16























































































































Contacts: 1-29, 5-29, 15-39' , 15-41.
Interstitia1s x y z d Touching
A 1.41609 1.43255 0.81413 0.88483 8,10,34,35
B 2.97041 1.88137 0.10482 0.77614 13,15,38,39
C 1.17802 0.82198 0.0 0.68207 6,8,8 ' ,10, 3.3
D 2.73893 1.26106 0.70711 0.59538 11,13,13',15,37
E 0.64687 1.23871 0.81602 0.52200 5,32,33,33'
F 2.15457 1.15457 0.70711 0.48025 10,10' ,11,37
G 2.20510 1.69464 0.10891 0.46486 10,35,37,37'
H 3.57443 1.57443 0.0 0.42979 15,15',16,41
I 3.76414 2.15405 0.81602 0.42746 15,39,41,41'
Substitutiona1s x y z d Touching
A 18 4.50000 1.87275 0.81602 1.14551 15,21,41,41'
B 23 5.98079 2.21163 0.10891 1.09325 21,25,45,45'
C 10 1.97127 1.08620 0.0 1.06468 8,8' ,13,37
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[100] L:17a (053) 6z = 0.22953
Faceted
0.40339
Contacts: 1-19, 9-29, 5-25, 12-31
Interstitials x y z d Touching
A -0.58842 0.35731 0.87052 0.75442 1,2,19,21
B 1.09266 0.77640 1.63784 0.62653 5,6,27,29
C 0.33039 0.69073 0.0 0.50352 5,5' ,19,25
( D) -0.12379 0.83946 -0.47776 0.49258 5 ,19,19 ' ,23
( E) 0.47481 1.19515 -0.47756 0.46499 5,23,25,25 ' 127
Substitutiona1s
None > 1.000
x y z d Touching[1001 rS5
@ @(j) @@ (j) @ (j)
~ @ @ @ (j) (j) @ @ (j) (j) @
~ @ (j) @ (j) @
@ @ @ @ @ @ @ @ @ @ (j)
@@ @@ @(j) @@ @@ @
~
@ @ @ @ @ @ (j) @ @
(j) @ @ @
@8@@ ~@ @~@@ . @ ~ @ 8 @
o \lC@O~@ = 0 '\7 (j)
• 0 0 v • 0 • 0 8 o. 0
o •• A .8. 0 •• 0
.00·0·00 •
• 0.. 0 •• 0
0.. 0 • 0 • 0
o 0 .00 .00 •
•• 0 •• 0 •• 0
o • 0 • 0 • 0
00.
I8J 0.1124 8 0.1259 9 0.1248 0 0.6322 " Z-00113
6494° 10,7, II)
@ (j)
@@ @@ (j)@ @@ @(j)
(j) @@ (j)@ @@ @@ @@
@ (j) @ @ =£O@ .
@ @ @ @ @ @ @d4@I\QJd2 @5(j)
@ @ @l9=<10 @~ @ d8 @I ~ d6 @9 ~ =£4 @1 @
~
~18 ~ 6<45 I!JI =53 l!tJ ~I \QJ ~6 =~9
@ ~ ~1 (Qj? \QJ =<II @fl ~ d5 di~ l!tJ ~
\QJ (jj4 \!!I d9 ([$2 \Q) ~ ~
@I ~ \QJ All • O2 0 .22 • 21 & ~
• lOti 020 25. iO 0 31
o 0.3 ~ 6.'9 15 .\8 • °2~ 026 28 -31 ~ 0 36
•• '\ 8. 12 0 16 0 21 .24 0 29 0 34
o • 0 1 0 II .14 • 19 0 • _ 32 0 35 o •
10
0 11. 0 •
• 0 • •
13
0 0 • 00
• 00. O. 0 .0. 0 -_




[100] L:85 (0,7,ll) 6Z 0.01133
VEX = 0.37085
Contacts: 1-37, 20-52, 6-41, 22-55
Interstitia1s x y z d Touching
A 6.66567 2.41661 0.70711 0.77239 27,27',58,59
A 2.39603 0.38000 0.71844 0.77239 9,11,46,46'
B 4.15021 0.84980 0.0 0.72593 16,18,18' ,30,49
C 0.10276 0.48285 0.70711 0.72476 1,1' ,37,38
D 1.53367 0.65278 0.14972 0.63218 9,41,42,44
E 1.50003 0.23000 0.89818 0.50892 6,9,41,42
F 3.67395 1.23341 0.71844 0.50768 15,49,50,50'
G 3.39833 0.60167 0.0 0.44315 12,15,15' ,49
H 0.97786 0.70721 0.01l32 0.41529 6,41,41' ,42
I 1.01199 0.01198 0.70711 0.41462 6,6' ,8,41
























6,8,11,12,46"""60 -[100] EaS 64.94° (0,7 / 11) t,Z = 0.01133
X Y Z X Y Z
1 0.00000 0.00000 0.00000 3b 10.00000 2.00000 O.OOO()()
'I -·1 .00000 '·'0.00000 O.OOO()() 3/ O.2B71~) (). 9~)7B2 o.(Hi:'53
A..
:3 ...·0.tiOOOO ····0.50000 0.70'711 3D ....0. ~5T7~36 1 • 1'J900 ··0. b9~:j7D
4 O.O()OOO ,·,1.00000 O.OOOO() 39 -O.1363B 1.86370 O.(Hi.:n
~) 0.50000 ···0 • ~:;OOOO 0.70711 40 O. 5203~5 1. 62~!5:'5 ....0. f.)9~i/(]
/.) 1.00000 0.00000 0.00000 41 0.9t5186 0.716l)4 -0.6'Jt','i'lH
'I 1.00000 -1.00000 O.OO()OO 42 1.19303 1 • 3f.l13~.) 0.011~n
8 1.50000 ···0 •50000 0.70'711 43 1.43421 2. 0460~i -0.69t;f7U
9 2.00000 0.00000 0.00000 4-1 1.8t','i'1'74 1.14017 -0. 6('''~.;j7n
10 2.00000 ....1.00000 O.O()OOO -15 2.09091 1.B04BO 0.011:':U
11 2.50000 '-0 • ~;jOOOO o •70'711 46 2.52244 0.09900 O.()l133
1.2 3.00000 O.()OOOO o •OO()OO 47 ~!. '76362 1. ~)63'70 '-0. C)(jl~)?n
13 3.00000 "-1 .00000 0.00000 48 3.004BO 2.22841 0.01133
·49 3.428:'5:'5 1.32253 0.01133
I
14 3. t','j()OOO ,,,,0. ~jOOOO 0.70711
0'\
I-'
1 ~j 3 • ~)OOOO O. t30000 0.70'711 ~j() 3.669t')0 1.90723 ·-0. 69~.'i'7fl I
16 4.00000 0.00000 0.00000 ~.'i1 3.91060 2. 6::'j1 94 0.011:n
17 4.50000 '-0• ~:jOOOO 0.'70711
~.;;;:! 4.33421 1. '741~)06 O.011:n
10 4.50000 o • ~:;OOOO 0.70711 'i3 4. 5?~):39 2.41(P6 ",,0. b9~Y7n
19 tj •00000 0.00000 0.00000
~j4 4.016~j6 ~5.0'75·4/ O.O:I.:LB
:~() 5.00000 1.00000 O.OOO()O
1::-1::' 5.24()O9 2.16'J~:;9 0.()1:1.33 d-J
21 5.50000 o •t:'jOOOO 0./0711
I::" , 5.4812'7 2.133429 --() • c) '} ~:.:j'7n ...1\.;
"'1"1 5. ~'j0000 1.50000 0.70711 ~:j7 t:). '72244 3.49900 0.01133 ..:.. ..:-
23 6.0()()OO 1.00000 0.00000 ~~.;j E~ b .14~:j97 2.59311 o •01:J.:':n
24 6.50000 o • ~:jOOOO 0.'70'711
~;;r; 6.30715 3.25'702 '-0. b9::'j'7B
'") I:~' 6. t';'jOOOO 1 • ~j()OOO O. '70'111 {,O 6.62033 3.922::':i3 O. OU,33 ...... 't-J
26 7.00000 1.00000 O.()OOOO () 1 '7.()5106 3.0U)c)4 o •01:J.:·n
27 7.00000 2.00000 O.O()OOO h2 7.29303 ~5. 6EH 3t':i -0. b9~.:i'70
20 '7. ejOOOO 1 • ~.j()OOO O.'7()'711 63 7. 71b~56 2.7754'7 -0.bnf7B
29 8.0()()OO 1.000()O o •O()()00 .:')4 7.95'7'74 3.'44017 0.01133
3() 8.0()OOO 2.00000 O.OOO()O 6~.:i 8.19892 4.104013 _nO. 6'J~.:i'7n
31 8.50000 1.50000 0.70'711 (16 0.62245 3.19900 "-0. c)9~:i'7B
32 9.00000 1.00000 O.O()OOO 6/ 0.86362 3.86370 0.011:n
33 9.00000 2.00000 0.00000 btl 9.20715 2.95782 O.()1133
34 9 • ~jO()OO 1.50000 0.'70'711 1.)9 9.52tB3 3. 622ej~5 -0 .l>9~:;7El













































































































































Interstitia1s x y z d Touching
A 0.93606 0.86495 -0.04889 0.73963 3,4,17,17'
B 0.14148 0.82508 0.02365 0.67490 1,3,18,19







































































































































































71. 08 0 ( 075) tlz
VEX = 0.47063
0.06209
Contacts: 1-19, 8-25, 2-19
Interstitials x y z d Touching
A 2.48846 1.42628 0.76740 0.85662 6,8,24,25
B 2.14886 0.85114 0.0 0.72811 5,6,6' ,8,23
C 1.63807 1.29313 0.76920 0.61490 4,22,23,23'
D 1.0 1.07114 0.76920 0.52322 2,4,21,21'
(E) 1.30085 0.69915 0.0 0.52226 3,4,4' ,21
(F) 0.62969 0.62968 0.0 0.46101 2,2' ,3,21























































































































































































































• e ;; o co 0
o 0 ~ A ';
o • ~::~/ '':!i!''i' 0 • 0
o • ~l <:l l:> ~...~ 0 • 0
'" ..
• Q .._--~ •
.... 0
o 0 '" .- . .. ~ ...
• ~" 0 0
• 0 • : /~:s • 0 •
• 0 • 1 ~ '6:1'0· ·




0 (043) tlz = 0
VEX = 0.45180
Contacts: 8-21, 13-22, 13-22'
Interstitia1s x y z d Touching
A 1.9 0.9 0.70711 0.81108 3,7,7' ,21,21'
B 1.0 1.22841 0.0 0.76701 6,7,27,27' ,unnumbered
repeats at 14,15,23,23',31
C 1.0 0.81432 0.83841 0.64967 2,6,7,27
(D) 3.72650 1.25641 0.01209 0.57938 9,14,22,23
(E) 3.5 1.56977 0.61983 0.52611 13,14,23,31
Substitutionals x y z d Touching
A 23 4.10551 1.74268 0.0 1.06175 14,14' ,22,24
B 14 4.0 1.23787 0.70711 1.05580 13,15,23,23'
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Contacts: 2-23, 3-25, 3-25'.
Interstitials x y z d Touching
A 4.92857 0.92857 0.0 0.86263 9,9',10,32,32'
B 4.12063 1.31879 0.70711 0.80481 9,29,29',30
C 4.0 0.84780 0.10726 0.70921 7,8,9,29
D 3.02725 1.17379 0.70711 0.64619 7,27,27' ,28
E 3.30245 0.87143 0.0 0.64550 7,7' , 27,29
F 2.31065 0.72381 0.0 0.53093 5,5',25,27
G 2.0 1.04278 0.6 0.47897 3,5,2,5,26
Substitutionals x y z d Touching
A 29 3.72691 1.26263 0.0 1.12893 7,7' ,27,31
B 7 3.5 0.84540 0.70711 1.11594 5,9,29,29'
C 9 4.41333 0.88445 0.37398 1.09089 7,8,31,32
D 27 2.71535 1.20288 0.0 1.04002 5,5',25,29
E 5 2.5 0.68774 0.70711 1.03494 3,7,27,27'
F 31 4.55874 1.20595 0.0 1.00181 9,9',29,32,32'-70 -~l-
5.2 DENSEST [110] BOUNDARIES
Listed in order of increasing angle-72-
• • • - • <0 <0 0 0 - ·li~ • •
<0 <0
\ I 0 X Y Z .. "" 0 .... - • •
\ / l!!! • ~ •
1 O. ()\)OOO 0.00000 0.00000
'" ... 0
") o • ~:j0000 -0.70711 o •:.'iOOOO o '0 == 6
•... ••1(r.j; i
3 0.00000 ··1.4:1.421 O.O()OO()
4 1.00000 -1.41421 0.00000 o ~ I::! 0 .... 5 1.50()OO -0.70711 0.50000 o ~ ~ 0
C'oI
6 1.00000 -0.00000 0.00000
<:>
-_;. '~~,r • -
C> 7 0.50000 0.70711 0.50()OO
B 1.50000 0.70711 0.50000 <0 'b ~ oC U 0"" 0 .... (I 1.00000 1.41421 0.00000 -- ~t~-
... •
c::>
10 o•~:jOOOO 2.1:'~J.~32 0.50000 • <J 11 1.50000 2.12132 0.50000 ..... o '0 ~\ :. 0'" 0
0.00000 I..,. 1" 1.00000 2.82843 ..,. - ~ \ / .... ..,. '13 2.0()OOO 2.82843 0.00000 '" • :: ._~. •
....; 14 1.50000 3.53.5:-i3 O.50()()O
Q 0 '" .. 0
0 .... 0 181 1~5 2.50000 :3 • :::;:'5~'i~;3 o• ~.'iO()OO 10 0 0
(j 16 2.00000 4.24264 0.00000
.N 17 1.00000 4.24264 0.00000
18 1 • ~50000 4.94975 o • 5(~OOO 0
rf') 19 1.00000 5.65685 0.00000 rf')
~ •
20 -0. 7::2<f~.'i7 -0.57814 o • 36~.'i36 • • • • 21 -1.44:1.f.:.9 -1.07097 O. 86~.'i36 -
o 0A 0
0
'1'1 -1 .66B(16 -0.23530 0.36::'j36 0 .......--
- •
23 -0. '156Cl4' 0.2::'j753 0.8f.1536 - . " "- • ""' ....1.8<fcI24 o 0 tt ,
~ 24 O. bOOT? O.8,·i53f.)
0
0 ,.,"" -1.1D412 1.09321 0.36536 0
I ... ...J .
26 -0.4719('1 1.58604 0.86536 •
,... ... / . •
<l 27 -1.41139 1.'12tlU8 O. fl653f)
o 0 i1 0
0 28 -0.69927 2.42171 O. 36~.:j:·.)f)
<:> '::.9 0.012C~i 2.91454 0.06536 • •
c:r> . ~... " .... 30 -0. (r26~A 3.25738 O. 8653,~) 0
0 o \ I 0 0 C> 3l '-0.2:1.4-42 3.75021 O. 3f.1~~;36
32 -0.441\~)9 4. 5G~.'ii39 O. f.l6~::;3cl • • • c>' ..e' • • 33 O. 2704~-) 5.07872 (). 36:~i:36 -
0





' .... • <J ~ ,c.... ..,. •
0 0








0 <0 0 0




VEX = O. 41711
!SZ = -0.13464
Contacts: 1-20, 1-23, 10-29, 12-29.
Interstitia1s x y z d TO\lching
A ":0.35276 0.78965 0.25032 0.78481 7,23,25,26
B 0.13674 1.41422 0.36536 0.61255 7,10,26,26'
C -0.19243 -0.70711 -0.13464 0.49017 1,3,20,20'
Substitutiona1s x y z d Touching
A 26 -0.28226 1.31188 -0.13464 1.10823 7,25,25',26',26"
B 7 C.23305 0.89587 0.5 1.10418 1,1',7',7",9,9',26























































































































'.... , .....fj'" _ _ -p~ 0
o "''' ,~ • q I.
\
• ~ =',s 0
'p
0-\ / ~ •
• '0 $!?1>"\~--1':' _. 0
~ 'e 0
o ~ \ <.0,
o 'on.
"" ..,
• ;e '. /.... 0
o • :!:"1>~ ---I.... '" 0 •
q '_.
• ." " 0 '? o \ I • o \ I.
b---'"
•
o 15:--' • ' I ~' <1' 0
o \ "
IS1 ...
• \ ~ / 0
o • ~'15:\:-~f ~ 0 • . \ ,
• ~ ,g 0
'" IS1 'p
o N \~, en.
• 0 ~'1§:: --I '0. 0
o ~ \ ,
o \ e 'on • := IS1 .,
.;e \~' .... 0
o ..... , 'p:\~. _':--/.... '" 0
7< <1 ~ •
• • \ " 0
IS1 '9




[llO] n9a (331) 6z= o.
~x = 0.24066
Contacts: 3-15, 3-15', 6-17
Interstitia1s x y z d Touching
A 0.21359 1.56524 0.0 0.60157 5,6,6' ,15
B 0.14347 2.54254 0.0 0.48936 6,6 ' ,19,20,20 I
C 0.09328 1.32843 0.5 0.48519 3,15,15' ,17
D -0.12471 2.45304 0.48263 0.41507 6,17,19,20
Substitutiona1s'
None> 1.0000
x y z d Touching-76 -
a • • • a • ;; a • oN
a ~ • a .R. • ""
~ X Y Z •
~ a • a
a - 1 0 t O()OOO 0 <- ()OCi<~") o. O()OOO ..... • a ~ -0 + 50()(Ji) '-0 70/1i. 0.50000 "- •
•
~ a 3 0.00000 -J. • 4 1. 4 ;.:.' ::. 0 000,)0 a • •
.,..,
o~ 4 0 • ~5000() -() + 7 () 7 :~. :~. 0 .50000
a .... • .~ c.- 1 .. OOC'()() 0 + O()OC() 0 .00000 ~ .J
• a 6 O. ~;OOOO 0 • I'0 '7:1.:: 0 .50000 • '" o~
7 1 +50(')00 0.7071 ,L 0 • ~jOOOO • a .~
<D 8 1 00000 " .41A2:1. 0.00000 a ~ <:; • i
a
c:> 9 2.00000 1 .41421 0 00000 •
~ a> ... ,.
•
a [> 10 1 .) 5()(!I.)0 2. 12132 o• ~S()OO() a • a ~ .- 11 2.50(0)
.'") 12132 0 .50,000 ..... ...:..+ a '" 1') 2 + t)(; ()(>~)
~
~ :=] 2 t] ..;"::. ~~ 0 00000 •
~
c:> .:.: • a ::! •
.....
13 1 (0 500 ~)() :S3~)~i3 c· • ~SOOOO '" <J
.,j • ./ .... • a 14 2.50000 'l: C" ~.V' 1:.:'!:.:" ....r 0 .50000 '" •
...;~ .....I ...}h.1 a .... ~. • 15
~ .00000 4 ~ 2·4;26·4 O.O()OOO • ...... a ~ "- .....
N • ..... a ..... 16 1 50000 ., ('.,)'I',::>''',r.:- 0.50000 110 • .... c:> , '."1 + , ''-1' ... / d a 10 a • " 7 2. ~50000 4 + 949'7!5 0 .50!)")0 a • ~
i,
• a • 18 2 .00000
c.~ .65685 0 .00000 GO '" 10 19 1 >500(") 6.;. 363<;t:~ 0+ 50()I:)tJ ;;:;
2() " 50()(Jt') t.• 3,S396 0 .50000 ..:...
0 21 2.000("'=> 7 , iJ '7 J. 0'/ 0 .000"-)0 l"-
N 22 -0 + 78~~517"~~ o•:~(1:3'7~2 0 .50().OO l--l a • •
~-:t -1
~"r")'; i t:7) -0 ~ 340<.1'8 0 .50000 • a ~ ....' • ._1 .... \J "".I .."
75 • a 24- -1 .58224 0 .02326 0 .00000 • a • -
a • 25 -1 .63780 0 t Cj8750 0.50000 a C> • • a 26 -0 .841~jO 1 .2279c) 0 .00000 • a 27 -0.04::",;20 .56842 0.50000 1 a • 28 -0.89706 2.09220 0.50000 a •
•
a 29 -0.10076 2. 4326,~ 0.00000
•
a 30 0.6?554 2.7~?312 0 ~,iOOOO a •
a • 31 -0 1 ~":.:; (~32 .. :~96i?() 0 .50000 • • ',J
32 0.63998
OJ .<. "";"\' ...) ".~ i. 0 .00000 • a ., .. \0,1 .....• / ,.J\..}
• C> a 33 -0.21187 4 16:1.14 ().OOOOO • •
a • ...
34 o t 5Ei4-'12 4.50160 0.50000 •
:;; a .,..,
c:> 35 --0.26743 3.02539 0 •50000 a • a [> '7 .l. 0 , 5:~88/' "'" ~56~j8·4 0 .00000 •
,-I l,., .J • a • '37 -0 3'")""'(";'::"' 5 .. 8~:~963 0 .00(000 a .... to Itt- •..:- .•.:J • .,.., a ..... 38 (L 4 7:5~5.1. .5 .. 230()I:.:.' () .50000 '" • a .,,; :39 :3?~)~.-:.1 '75:3~:5'7 0 ~.;()()()() • -0 • 6+ • • <J 40 0.411'76 ;, + 09~+~3~~ (0 • ~)(iOOO a • a C> • - 41 :I. •::2140': ., .4347<,;.' 0.50000 •
<..l • a ~
J
• a '" • a c:>
a <l • ~ a • a •[1l0] L:27a
-77 -
31.58° (552) 6.z = O.
Faceted
~x = O.31195
Contacts: 1-22, 1-22~, 13-32, 13-32'
Interstitials x y z d Touching
A -0.14020 0.80624 0.0 0.63668 1,6,6',26
B 0.66630 1.96102 0.5 0.62525 8,8' ,27,30
C -0.84763 -0.22631 0.0 0.55179 2,2' ,22,22' ,24
D 0.31370 1.19239 0.0 0.44251 6,6' ,8,27,27'
Substitutiona1s x y z d Touching
A 8 0.84136 1.52639 0.0 1.03740 6,6',8',8" ,10,10' ,27,27'
B 19 1.46137 6.39128 0.5 1.00224 19',19" ,21,21' ,38
C 16 1.46733 4.97285 0.5 1.00160 16 J ,16' , ,18,18' ,34
D 10 1.47155 2.14144 0.5 1.00121 8,8' ,10' ,10' , ,12,12 J ,30
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38.94° (221) llz = 0.22401
VEX co 0.26882



















Touching.----- ----'- ~._-~-------~-~--~---,_._._~--- -,...,,-- --._---~.. ---~---- .. - -~-_.•...__ ._--- _.--~.- ---_... __.- ---'----
-60-
0 0












;;:; ~ • X Y Z
@ <:> ~-- ....
1 0.50000 0.70711 0.00000 .... .-
<a <Q) eft ~
0 2 1.50000 0.70711 0.00000
i -rtl
~
3 1.00000 1.41421 0.50000 ...... ~ 1 0
~ - ~ • . 4 2.00000 1.41421 0.50000 @ J, I g
...... 1 • 5 1.50000 2.12132 0.00000 ~ ~ --,*'; 0 6 2.50000 2.12132 0.00000 @ .... ...
@
...... 0 • 7 1.00000 2.82042 0.50000 ...... ,.--- ... ...... • 8 2.00000 2.82042 0.50000 © \ ',~ ... ...
~ - -. 0 ~ 9 1.50000 3.53550 0.00000 <:> I - ......
,..,1 0 <\l @ •
10 2.50000 3.53550 0.00000
C\l © ...... 11 2.00000 4.24260 0.50000 ,I") ~ • ,., © ~ 12 3.00000 4.24260 0.50000 - • 0 <:>
~ ©
0 13 2.50000 4.94970 0.00000 @ ~ Il§
0 14 3.50000 4.94970 0.00000 CD a • <r
15 3.00000 5.65690 c..50000 d
10
16 0.00000 0.00000 0.5edoo
- 17 -0.41145 0.900d1 0.63690 - 18 -1.04775 1.67221 0.63690 ~ a 0"
© • 19 -0.18415 1.73651 0.13690
---
~ © •
0 20 -0.82045 2.50791 0.13690
0 ~ 21 0.04315 2.57211 0.63690 -
~o
• '"-" © 22 -0.59315 3.3"4371 0.63690 0
I' .. •
~
, ..-. a 23 0.27045 3.40301 0.13690
Il§ 1 24 -0.36585 4.17941 0.13690 ~
, 1 a
0 .---- • 25 0.49775 4.24381 0.63690
<\l • 26 -0.13855 5.01521 0.63690 © -r;t?!
a 27 0.72505 5.07951 0.13690
.,' 1
a
28 0.08875 5.85091 0.13690
© ' Il§ 1 • - 29 1.58875 5.14381 0.63690 •
::2
1 <:>
~ ----.. . 30 0.95245 5.91521 0.63690 a ......




© • \ .... ~





, 1 a <\l
© .--- •
<\l • ©





50.48° (332) liZ = 0.13690
EX
V = 0.34118

































1,I' , 3' ,3" , 5 , 5 ' ,19
3,17,17',19',19",21,21'-82-
@ © • en
@ .- 0
© ~~ 0;:2 • ~
~
• X '! Z ©
@ ~ ~a l~ 0 1 O.COOOO 0.00000 0 .. 00000
@ I '
0:0 2 0.50000 -0.70711 0.500CO "'" © ;';<k -.r •
..., - -
• <:> 3 l.OCOOO 0.00000 O.OOCOO ..., .... .:::: ©
""
0 4 0.50000 0.70711 0.50COO
@ ....aJ I>e~ 0






~ 7 2.CCOOO 1.41421 0.00000 @ iN<qr; , eO') <:>
"'" 8 1. 50CCO 2.12132. 0.5COOO "" ll> @ I "'" 0
©
roo- c : 0 ...... 9 2.50000 2.12132 C.50000
"" "" -~..(,,,,, "" • 10 2.00 OUO 2.82843 o.OCCOO © "'" @ ... ~©J>4,;) Q ..... ~ 11 3.000CC 2.82843 o.COOOO
""@ c=-~ 0 12 2.50000 3.53553 C.50COO <i1
©
.... 0 .... • 13 3.50000 3.53553 0.50000
~-~ .
!<'l C t ........ C'I 14 3.00000 4.24264 0.00000 1'0:1" 0 '0:1" @ ~ ... en 15 4.00000 4.24264 O.OCOOO - N I 0 ..., - @ I I • 16 3.50000 4.94975 0.50000
0 © ..--- 1m 17 3.00000 5.65635 0.00000 co co
Ii) 18 4.COOOO 5.65685 0.00000 Ii)
19 3.50000 6.36396 0.50000
~ 20 -0.97710 -0.16892 0.09794
'0:1" 21 -1.84295 -0.17168 0.59794 "'l
©
0 • -1.53807 0.63891 0.09794 •
22
@ C 23 -0•.67222 0.62166 0.59794 •
0 a @ 24 -1.23319 1.44949 0.59794 © O@O
•
'- • 25 -0.36734 1.43225 0.09794
@ .. 0 26 -0.92832 2.260C8 0.C9794
I 0 2.7 -0.c6246 2.24233 0.59794 • I , .. en
C .,.--- •
c:> 28 -0.62344 3.C7067 0.59794 c::>
© <il • .... 29 0.24242 3.05342 0.C9794 <I
@ © ll> •
0 30 1.10027 3.03617 0.59794





32 1.41315 3.84676 0.09794 , I 0
@ Q' c I • ll> 0.85217 4.67459 0.09794 0 33 •
I I 34 1.11803 4.65735 0.59794 C I 0
C
---...Q •
.- 35 1.15705 5.48518 0.59794 .... <ilea "'! 36 2.02290 5.46793 0.09794 @ \0 •
c:>
• •
0 <i1 37 1.46193 6.29576 0.09794
ll>... • 38 2.32778 6.27852 0.59794 @ 0
c
~
• .- ..... 0 "" @ "'" I 0
@ 1 I 0
•
1m





Contacts: 1-20, 1-23, 8-30, 10-30
Interstitials x y z d Tou-ching
A 0.75232 2.30096 0.00690 0.82700 B,27,29 ,30
B 0.35006 1.53125 0.5" 0.65664 4,6,6 I, ,2.5 I 27
C -0.05528 0.75844 0.0 0.49799 4,4"',23,25
D 0.30981 1.19514 0.0 0.44824 4,4 t ,6,25
Substitutionals x y z d Touching
A 27 0.29307 2.10911 0.59794 1.13943 6,2S,2S',271,27",29,29~
B 6 0.70363 1.62379 0.0 1.12768 4,4~,6',6",8,8',27
C 25 -0.17445 1.35970 0.09794 1.04196 4,23,23·,2S·,25",27,27'








































































































































































• 0 • 0 .~ .. o 0 ,... -: I 0 •
• I •
• ~-... 0 0
o •
o f!>0
• 0 • .. ..... 0
o· 0 0 •
.o .. ~ ...... ·0
• ' 0
o .-- ••
..... . . .... ~
J1'O(\ ~ 0
V:: N •
o ~ ........~ 0
• ~ I cf
.?'\\ • _I !!! •
v b ......-- ~ tf
.~~ .-(f0
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• 7a ~~- 0
O .:a.... 0-
~ <1M> = co o _ c.> 00 •
• - 1) 0 ..... . ..... o ~ 0














Contacts: 1-24, 1-26' , 10-35, 12-35.
Interstitia1s x y z d Touching
A 0.23490 3.01884 0.50447 0.86251 10,32,34,35
B 0.81067 2.26211 0.0 0.72629 8,8',30,31
C 0.38413 1.50363 0.5 0.59662 6,6',28,30
D -0.04172 0.74480 0.0 0.47635 4,4',26,28
Substitutiona1s x y z d Touching
A 32 0.80573 2.84706 0.07596 1.18039 8,30,30',32',32",34,34'
B 8 1.15782 2.36327 0.5 1.16852 6, 6 ' ,8' ,8" ,10,10' , 32
C 30 0.33995 2.10580 0.57596 1.09167 6,28,28',30',30",32,32'
D 6 0.75995 1.58395 0.0 1.08464 4,4',6',6",8,8',30
E 28 -0.13846 1.37009 0.07596 1.02682 4,26,26',28',28",30,30'
F 4 0.37208 0.79756 0.5 1.02440 1,1',4',4",6,6',28-86-
• • • 0 0
• • 0 0 0
• • 0 0
• • • 0 0
• • 0 0 0
• • 0 0
• • • 0 0 • • 0 .0 0
• • 0 0
• • • 0 0
• • ·0 0 0
• • 0 0
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lO g
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W • • • 0 0 • •
.--. 0 0 0
0 • • .... 0 0 --- • • • 0 0
• • 0 0 0 • • 0 0
• • • 0 0
• • 0 0 0
• • 0 0
• • • 0 0
• • 0 0 0
• • 0 0
• • • 0 0 ...,
:;;: • • 6
0 0 0 1\
• • .. c:
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o· [> 0 •
o
o •
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• 0 ....~r----:= .'.fl 0 .... ....
o • I ~ - cf .
'"...- .... . o ~ 0" t:!
• ~. • 0
• 0... .=
..... C"o.II ~ a$!
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80.63° (556) tJz. = 0.0
EX
V = 0.38819
Contacts: 1-22, 1-22', 15-32, 15'-32.
Interstitia1s x y z d Touching
A 0.52957 0.64338 0.5 0.88175 5,5' ,22,24,24'
B 1.09157 1.30679 0.0 0.76231 7,7',24,26,26'
C 1.65346 1.97033 0.5 0.64846 9,9',26,28,28'
D 2.21516 2.63404 0.0 0.54145 11,11',28,30,30'
E -0.51982 0.01401 0.5 0.44279 1,1',2,20,20'
F 1.98967 2.12862 0.0 0.42897 9,11,11' ,28
Substitutionals d h'· x y z Touc ~ng
A 24 0.55740 1.02607 0.0 1.22731 7,7',22,22',24',24",26,26'
B 7 1.15721 0.94950 0.5 1.16911 5,5',7',7",9,9',26
C 26 1.09959 1.70956 0.5 1.14287 9,9',24,24',26',26",28,28'
D 9 1.74985 1.59110 0.0 1.09175 7,7',9',9",11,11',28
E 28 1.63603 2.39886 0.0 1.07216 11,11',26,26',28',28",30,30'
F 11 2.35182 2.22609 0.5 1.03267 9,9
1 ,11',11",13,13",30
G 30 2.16391 3.09684 0.5 1.02098 13,13',28,28',30',30",32,32'
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~ ~"''' Si \ 0 o _ L-
lE: Il> -"'0 • 3 ., .....
• 0 ...
.... CD •
~ .... <:] 0
o • ~~r- ..._-... ~ 0" •
• 0 I _ ,h'" ....
0' ...' • "'6---... 0




o r:;JJ~ ..... 0 •
.0 1 ... J:).:e
,....,1 ""," .....&__ ~ 0
• :r ~ • 0
o ~ Oil>..... •
o A.<? ~
~ ... ~-- \ • 0
• 0 I I:;: ao' - C7t :::. 0.. ,0. . .... ~ ,
o _ - ..-.0- ...., .... .
0' • .......
• ... ~CD ~ • 0
C"rr-4 ~ __ • Ion
o .~~' .. ~
• 0 I _ ..1;)..... •.... 0, -.. ca--- •[110] L:17b 86.63° (334)
VEX = 0.3487
t:"z = 0.0
Contacts: 3-21, 3-21' , 10-28, 10-28'
Interstitia1s x y z d Touching
A 0.26035 1.58389 0.5 0.81755 3,5,5' ,22,22'
B 0.-86197 2.21891 0.0 0.63292 5,7,7',24,24'
C -0.25834 0.47010 0.5 0.46661 1,1' ,19,21,21'
Substitutiona1s x y z d Touching·
A 5 0.66290 1.65258 0.0 1.16374 3,3',5' ,5", 7,7' ,24,24'
B 24 0.47999 2.32063 0.5 1.07871 7,22,22',24',24",26,26'
C 7 1.31460 2.25240 0.5 1.05091 5,5 ' ,7' ,7", 9,9' ,26,26 I










... • "" 0 • I -
co ~I ... • "" .., ..... \"" •
0 ........ --....- X Y Z 0 .- "" 1 0.00000 0.00000. 0 •.00000 "" ?J~.....c - •
~ 0
~~
0 2 1.0 0.0 O.
"" •
"" 3 2. O. O. •
0 ... • 0 4 0.5 0.70711 0.5
•




0 • 6 2.5 0.70711 0.5 "" co
0 • "" 7 2. 1.41421 O. I ..... .... "" ""' •
..-'
~ ...... \
<a 8 3. 1.41421 O. 0 ......... ..: \ • -- ........ 9 2.5 2.12132 0.5 ';!:! 0 - 10 3.5 2.12132 0.5
,." • I(t
IN 0 co ...
'11 2.82843
N I \ 0 • "" 3. o. .....
0
\
I!lI 12 4. 2.82843 o. • .",.,.b • 0 13 3.5 3.53553 0.5
0
1~ 4.5 3.53553 0.5
I"-
,."
r<'i 15 -0.50972 1.07096 0.5 en
16 0.22558 1.52850 o.
.Q 17 0.96087 1.98604 0.5
!:: 0 • 18 1.69617 2.44358 O• "" 5:Z •
0
I _.0 19 -0.45089 2.06923 0.5 , '" • 0 20 0.28440 2.52677 o. &---
0 0 •
~~ 0
21 1.01970 2.98431 0.5
"-' ~ • 22 1.75499 3.44185 o. •
1- 0 1 I!lI - 23 2.49029 3.89939 0.5 _I • co
~...... """ \~ "" 24 3.2255B 4.35692 o. •
0
..... --.. 0 25 3.96088 4.81446 0.5 .- "" <a ""
R:t
26 1.07852 3.98258 0.5 0 • ~
~' I!lI \
0 • 27 1.81382 4.44012 o. "" "" 0
\
~ 28 4.89165 • 1 co $' co .. 2.54911 0.5
I -- • 0 .,,;
':::'0_- :. [> 29 3.2B441 5.35519 o.
0 • <a .- ""







0 \ <l •














Contacts: 4-16, 4-16' , 9-18, 9-18'
.Interstitials x· y z d Touching
A 1.06275 1.27582 0.0 0.74894 5,5' ,16,17,17'
B 1.70306 1.88609 0.5 0.49778 7,7' ,17,18,18'
C 1.45933 1.44317 0.5 0.47399 5,7,7',17




























































































































































'4J - r 0 • '0 ... _
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o 0 ~. ~~. : .0
I • 0 2......V~ .... 0 • ~
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Contacts: 6-18, 8-18, 8-18' •
Interstitia1s x y z d Touching
A 0.5 0.54252 0.5 0.78250 1,1',4,4',19,19'
B 1.84848 2.22846 0.0 0.65644 8,10,10' ,23,23'
C 0.93950 0.75243 0.0 0.51032 4,6,6',19
Substitutiona1s x y z d TO,uching
A 19 0.54111 0.95550 0.0 1.ll995 4,18,18',19',19",20,20'
B 10 2.40152 2.19096 0.5 1.01450 8,8',10',10",25,25'


















• - X Y Z .... 0 • 1.41421 .... 1 2.00000 0.00000 0 • •
0 2 3. 1.41421 o.
N 3 4. 1.41421 o. • 0 ....
4 3.5 2.12132 0.5 <:> • 0 .... • 5 4.5 2.12132 0.5
..., 0 • 6 5.5 2.12132 0.5 i
<:>




0 9 2.82a43 o.
0 • 10 5.5 3.53553 0.5
N
11 6.5 3.53553 <t 0.5
<n 12 6. 4.24264 O. 2
13 1.89238 2.27353 0.5
,., 14 2.12571 2.50923 o.
w •
0 • 15 1.39238 2.98064 0 • o.
0 •
0 16 2.22571 3.21634 0.5
0 •
0 17 3.05904 3.45204 o.
•
0 18 3.89237 3.68774 0.5 ....... • 19 4.72570 3.92344 o.
0 • 20 1.72571 3.92344 o.
0 • 21 2.55904 4.15915 0.5 •
0 22 3.39237 4.39485 o. •
0
• 0 23 4.22570 4.63055 0.5
















































































































































































































































1 , 5 , 5 ' , 7 , 23
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GO ,,., ,.,[110] l:41c
-101-




Contacts: 1-28, 15-39, 2-29, 13-37
Interstitials x y z d Touching
A 1.5 0.33226 0.5 0.56255 5, 5 ' , 7,7 ' , 34
B 0.5 0.32168 0.5 0.55371 1 ,1 ' , 5,5 ' , 28
C 2.5 0.31448 0.5 0.54777 7,7' ,9,9' , 36
D 3.5 0.29867 0.5 0.53519 9,9',11,1' ,37
E -0.5 0.27415 0.5 0.51679 1, 1 ' , 2,2' , 29
•
Substitutionals x y z d Touching
A 9 3.0 0.07536 0.0 1.00567 7,9' ,9' , ,11,36
B 21 6.43880 3.57881 0.5 1.00561 19,19',21',21" ,23,23',45
C 7 2.0 0.03833 0.0 1.00147 5,7',7' , ,9,34






























































































































O. 24322[110] (113) 6lz = 0.24322
-fX = 0.12596


















































































































EX V = 0.37415
~z = 0.0
Contacts: 1-17, 6-17, 6'-17
Interstitia1s x y z d Touching
A 2.0 1.23744 0.0 0.76777 7,7',10,10' ,25,25'
B . 1.14705 1.49740 0.5 0.73105 7,20,20',22,22'
C -0.5 0.35356 0.5 0.58114 1,1',2,2',17,17'
D 1.0 1.02852 0.0 0.55345 6,6' ,7,7 ' ,20
E 2.61539 2.06693 0.0 0.51521 12,25,25',26,26'

























Lattices exactly on the coindicence lattice; CSL sites: 6,16-106-
0 0









• .... • 1 1.00000 0.00000 O.ocooc 0
~:-- ]
0
2 2. o. o.
• .. • 3 3. o. o.
0 0 4 4. O. O.
• (I!j~..." • ::: ;' ,...., • 5 5. O. O•
O't °




«I 8 4.5 0.70711 0.5 0 0
9 5.5 0.70711 0.5 • • - 10 6.5 0.70711 0.5
It) o ~....... ... I: 0 0 - - • •
~ 11 5. 1.41421 O•
•
0 0 •
~ 12 6. 1.41421 O. 0
N 0 0
13 7. 1.41421 O.
~
oj
~ 14 7.5 2.12132 0.5 - 15 0.55565 1.57135 o.
" 16 1.40756 2.09504 o. ,...
N 0 0 17 2.25947 2.61873 c. I:-l • • • .A • 18 0.5 0.70711 0.5
0 ' , 0 1"9 1.35191 1.23080 0.5 ' , :t:
.- 0
~ °
20 2.20382 1.75449 0.5 0 • " ~ ',~ . ...... C1. en 21 3.05573 2.27818 0.5 ,~ «I <:> 0 0
'g _".:1 •
22 3.90764 2.80187 0.5 • 23 4.75955 3.32556 0.5
0 .... "" 24 3.0 1.41421 O.
C'.I ;' c:I') 0
• O~:t";
• 25 3.85181 1.93790 C• ....
0 0 26 4.70382 2.116159 o.
• •
27 5.55573 2.98528 o. .. ....
0 0 <:> 23 5.5 2.12132 0.5 "" l>_ ....
• :c......... Q 29 6.35181 2.64501 0.5 • - • l> '0 /' ....
lia/ 'co 0











148.42° (115) ilZ == 0.0
0.3053
Contacts: 6-24, 6-24' , 7-24, 7-24'
Interstitials x y z d Touching
A 2.00013 1.130846 0.0 0.64844 6,6' ,19,19' ,20,20'·
B 1.5 0.42119 0.5 0.64609 1,1' ,2,2' ,19
C 1.06059 0.749947 0.0 0.50478 1,18,18',J,.9,19'
Substitutionals x y z d Touching
A 19 0.98989 1.5 0.5 1.07843 6,18,19' ,19",20
B 6 0.77010 2.41092 0.5 1.0ll87 2,2' ,6' ,6",19,24;24'
Lattices exactly on the coincidence lattice; CSL sites: 24,28-108-
x y Z
I 0<- (,()t.)OO o.()()OOO 0.00000
'") ····0 • ~;;;O()()() "-0" /071:l (). ~:j()OOO ,,:..
~5 o• ~::,;OOOO ._. () •'70'7 :1. :I. o•~)OC'()()
-4 t .OOO!)() ·..·O.O()O()O O.()()OOO
1::- :I. • ~'.'iO()()O .-() • ?0 I':l 1 (). ~5000() d
6 2<oO()OOO 0.00000 0 .00000
~? 2.:50000 '-0. ?O·.71:l. 0.50000
G :3.00000 0.00000 0.00000
C) ~) ~ ~:.:.;()()()() '-0. ?O?:I.:l (). ~:50000 "
:1.0 4"O("OO() 0.00000 0.00000
:1.:1. 4 , ~5() () 0 () '-0. '/0'7:1.:1. O. ~'j()OO()
12 -4 • ~:.'.i()OOO 0.?O?:l.1 (). ~~;OO()()
:1.3 ~;.()OOOO 0.00000 O.OOO()O
14 5. '.:.:jOOOO 0.70711 O. ~3()OOO
15 6.00()()() 0.00000 0.00000
16 <s.OOOOO :1..41421 0.00000
17 6. ~50()O() 0.70711 0.50000
1D '7 .00000 1.41421 0.00000
19 -0. 3'76~34 0.89060 0.25504
20 -1 .27128 0.4440:1. O. 25~504
21 -1 •:1.3970 :I. .299(?B o. ?5~::;()4
...".) '-0.24497 1 • 746~57 O. 75~504 ..:....:..
23 o• ~:5:L B:J.l? 1 .33720 0.25504
~2.t:~ o. ~)·4\.1·?·? 2. 19:3:1. '7 0.7550-4
25 1 .2(3:1.35 (). 92/"1~-32 0.75504
26 :I. .4:1.293 1.78379 o•25~504
27 2y :t 7,i)()9 :I. .3744.1. O. T:S~504
28 2 ~ 3()'(1"? 2.230:·5G o• 2~:;~5()·4
29 2 <. 9~)?:;'~5 (). '76~:;O:3 O. 2~.:j5()4
30 3.070B2 1 .82101 0.75504
31- 3. 8~;)39B :1..411(,)3 0.25504
32 :1.9,S556 2.26'760 0.75504
33 4 ""}':;O"/':) 1 .85822 0.25504 .. .' ..... \J / .\,.
34 4. (360:30 2.714:1.9 0.75504
~35 ~:S .623·4{S 2.30482 o. 25~~j04
3(S 5 •? ~:.;; ~::j04 3.1,S079 0.75504
7-' ,1), ~51~:s:1. \7' 2.'7514:1. ().2:'i504 '••J I[lID] L:19a 153.47° (116) Lz = 0.24496
vEX = 0.42619
Contacts: 1-19, 8-29, 4-25, 12-31
Interstitials x y . z d Touching
A 0.5 0.50427 0.5 0.73680 1,I' ,4,4' , 23
B 1.91566 0.77658 0.25504 0.64345 6,25,25',27,27'
C 2.42757 0.62184 0.75504 0.58682 6,27,29,29 ,.
0 1.5 0.25528 0.5 0.50355 4,4 t ,6,6 ,- , 25
Substitutionals x y z d Touching
A 6 2.0 0.23567 0.0 1.05479 4,6' , 6 t t ,8,25-110-
z
() .:. () () () 0 <)
o ,. ~,:.:;OOOO
































































































































































































































@ @ 0 t;>'
@ @ 0 j 0
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@ 0
@ @ ....... •
@ ...~ <J 0 0
@ ~>_"r~ • @ C>0= 0 0
@ • ';£,. •
@ @ f/ ~'r 0 • 0






(118) .}Z = 0.13179
VEX = 0.42017
Contacts: 1-25, 6-31, 12-37, 16-41
Interstitials x y z d Touching
A 0.5 0.51211 0.5 0.74615 1,I' ,4,4 ' ,29
B 3.33255 0.65037 0.58722 0.67806 9,10,35,37
C 2.18909 1.43965 0.63179 0.61324 9,31,31',33,33'
D 2.0 1.00172 0.0 0.53205 6.6',9.9',31
E· 2.63124 1.24730 0.0 0.49536 9,9',33,35
F 1.16425 1.33096 0.63179 0.44123 6,29,29',31,31'





















18,18' ,20' ,20' , ,22,22' ,44~13-
5.3 DENSEST [Ill] BOUNDARIES
Listed in order of increasing angle.-114-
• • 0 @} ;r: e c ~O 0 0 O.
® ®@ • -0 0
00 0 0 0 0
ij) tj) ~ O•• 0
O®O® 0 @O
~ 0 0 •
® ®ij)~ • ·0
ij) 0 ~ O~ cS
0
0 • 0
@}' ~~. @ o 0 ®'(g 0 ~0~0 0 0 •
(j) ® (j)!<l 0",.- • @
o ®:e e-0 - '" X Y Z (j) ©;;:; © 00 O. ~ :=:: ® (j)", Q - •
_ 0
® '" ""0. '" 0 .
1 0.00000 0.00000 0.00000 (j) © O~~ ~ 000 0 0 ",,'" 2 -0"50000 -0.28868 1.63299 ® (j);c. ~~ 0.. • 0 ""~ o ~ ~ 0. OJ;~~ <S iS~ a •
- 0 3 -0.50000 -0.86603 0.00000
® ~ ~l<l ~ - ..... • 0 4 0.00000 -0.. 57735 0.81650 © 0 ® e ~@
'" "" 5 0.50000 -0.86603 0.00000 i~ (j) ;!!! 0 o. -"" ® ®. • • 0 . C> :::;; 6 0.50000 -0.28868 1.63299 il© ©® . 0 '"' 0
_ 0
l ~ 0 v. 7 1• 00000 -0,57735 0'.81650 ®. ~ ~<Jo • 0 0 8 1. 00000 0.00000 -0.00000 ©(j)© ©c> 1A0 0 o.
o~
<J ; ~ 9 1.50000 -0.28868 1.63299 ® ®(j) i81•• 0 _""
-:0
10 1.50000 0.28868 0.81650 (j)O(j)©~0: 0 .0
I
11 2.00000 -0.00000 -0.00000 ~©~. ·0 0 0 '" .... 12 2.00000 0.57735 1.63299 (j) (j)© 0 o. Ci1l .... ""
_ 00
,tD -:..-: 13 2.50000 0.28868 0.81650 ~ ©® ~(j) .0 °
14 2.50000 0.86603 -0.00000 . 15 3.00000 0.57735 1. 63299 0
'" 16 3.00000 1.15470 0.81650 !::::
(j) • 11 3.50000 0.86603 -0.00000 ::
olJlo~·" 0" a 18 -0.94513 0.30019 O. 12292 rt)
w (j)~(j) (j)0 0 _ • ° 19 -0.38122 0.42185 0.93942
o~© .0 0 °0 20 -0.76831 0.85021 -0.69357 ~
.~(j) (j) o•• 0 21 -0.59089 1.39962 0.93942 - - :=. o ©® ° 00 22 -0.20380 0.97127 O. 12292 ~_ (j)© 0._
~ - ° 23 -0. 02638 1.52068 -0.69357 (j)© O~ 0 0 0 24 0.36072 1.09232 0.93942 1JI. ~o•• " '" 25 0.53814 1.64174 O. 12292 © ©® ~ @ 0 0 ~ (j) (j)© 0 O•• '" 26 0.92523 1.21338 -0.69357
® ~ • 0 °
Q
0(j)©(j)O @0_0. ~ 27 1. 10265 1. 76279 0.93942
~0 ~ ® ... o· 0 ° 0
~8 1.48975 1.33444 o. 12292
<I) (j) © c> 00 o. "" - 29 1.66717 1.88385 -0.69357 o ~ ~ ® ®(j)""<l -0 0
. _ on
30 2.05427 1.45549 0.93942
0.0 ~"o o.
o.
31 2.23169 2.00491 O. 12292 ®©®-®(j) ·0-0
'" "" 32 2.61878 1.57655 -0.69357 <I) (j)© 00 O. "" ""
~ <I) •
f> ~ ~ 33 2.79620 2. 12596 0.93942
O~ ~ - ° 0 0
00
(j) (j)© 0 o.
© ® ® (j)c> 0 • 0 0 - '" '" '" <l ~"" (j)© 0 °0 O.
00 _
® ~(j) Ci1l<l_ ·0
00
(j)0 ©~ @O 0 ~(j) (j)© O••
0 © ~ • 0 @ 0 ~ i§ (j).© 0 0_
©~ ~(j) .@ @
o::;:i."..;.
.. N[111] L: 31a
-115-
17.90
0 (561) 6.Z = 0.12292
VEX = 0.49482
Contacts: 1-18, 1-22, 2-19.
Interstitials x y z d Touching
A 0.14325 0.58724 1.71721 0.89904 1,6,20,23
B 0.5 0.19769 0.75216 0.84914 1,4,7,8,24
C 0.79679 0.81563 0.23561 0.74592 8,24,25,28
D 1.0 0.39649 1.50511 0.71559 6,9,10,26
E 1.37145 0.65469 -0.30688 0.62576 8,12,26,28
F 1.39135 1.02972 1.12125 0.61717 10,26,27,30
G 1.92808 0.83961 0.50560 0.52765 • 10,14,28,30
H 1.98466 1.23996 2.00401 0.51914 12,28,29,32
I 2.49062 1.01129 1.31597 0.45534 12,16,30,32
Substitutionals x y z d Touching
A 6 0.52337 0.16658 1.48635 1.17492 8,9,19,24
B 26 0.97142 0.83490 -0.66939 1.14099 8,12,24,28
C 24 0.58975 0.83887 0.81864 1.12723 10,19,22,25,26,27
D 10 1.28731 0.57957 0.84389 1.12660 8,12,24,28
E 8 1.0 0.32872 -0.11622 1.11808 1,6,9,10,11,26
F 28 1.50142 1.07947 0.15266 1.06497 10,14,26,30
G 12 1.84309 0.75781 1.66528 1.05740 10,14,26.-::l0
H 30 2.02324 1.34234 0.97764 1.01517 12,16,28,32
I 14 2.40372 0.92117 0.03946 1.01306 11,12,13,16,28,32-116-
o~~. • s @
.0 ~"o 0
o~·~· .~.~ _0 .so o.
G 8 - •• 0 _ 0 _ O~~ 0 SO. 0
0 8 9~..... 0 X y Z
.0 ~e ,," 0 , - ~O •
1 0.00000 0.00000 0.00000 0 8 8 ~._0 0
.0:::. 0 6 O. 2 -0.50000 -0.28868 1.63299
:0 8~~ I.$": 0 0
3 -0.50000 -0.86603 -0.00000
""
4 -0.00000 -0.5?735 0.81650 e.;o ~ cO. • 0
GO 5 0.50000 -0.86603 -0.00000
o 0"~1lIe' -" 0
0- 6 0.50000 -0.288,S8 1.6:32'7(1 •• -0 C> 8'" .... 7 1.00000 -0.57735 O.HLS50 o e ",. 0 0
8 - 0-= 0 6' • 0 • ...
8 1.00000 -0.00000 -0.00000 GO
'=!
9 1.50000 -0.28868 1.,",3299 .0 8 e ·0 °0 .0 0 <J 10 1.50000 0.28868 0.81650
9 • O. • 0 11 2.00000 -0.00000 ·_().ooooo o O. 0 0 0 ;: 12 2.00000 0.57735 1.63299 - ••~ O••
-:
lin o. 8. • 0 0 13 2.50000 0.28868 0.81,;:,50 ~ a3I - .0 0 0 O. 14 2.50000 0.86603 -0.00000
• 15 3.00000 o ""-"-'"!r::" 1..63299 en
.. .,J., I \J...J
~ 16 3.00000 -0,00000 -0.00000
N 17 -0.92027 o•:.'.)6060 0.15191
S- 18 -1. 277.1i1 0.81423 0.~")t>841
N·
l-iI 0 8 •• .0 0 19 -0.70598 0.89671 -0.66459
.0 ~"o 0
20 -0.3'-+884 0.44308 0.96841 . • • 21 -0.13456 0.97919 0.15191 .- 0 8 e- ·0 0 "" 22 -0.49170 1.43282 0.96841 - - • 0 0 0 O.
In - 8 e - •• 0
;; 23 0.07973 1.51530 -0.66459 ....
I
_ 0. 0 9c> 00 0 0 • 0 . 24 0.43687 1.06167 0.96841 ....
O••- <J • 0 0
<3 25 0.65116 1.59778 0.15191
.0 ~"O 0
26 1.00830 1.14415 -0.66459 • ••
.... 27 1.22259 1.68026 0.96841 .-
0 8 e- • ~ 0
co
• 0 ~ 0 O.
0 28 1.57973 1.22663 0.15191
• e - •• ~
c:J 29 1.79402 1.76274 -0.66459
.0 08c>O 0 0 0 eft 30 2.15116 1.30910 0.96841
• 0 • eft 31 2.36544 1.84522 0.1:'H91 o e e.c <1 • ~ ~
co
0
.0.~"o.O 13> 32 2.00830 2.29885 0.96841
33 2.57973 2.38133 -0.66459 o••• • ~ 0 ....




O~ ~ ·0 0 0 <l ••0 0
• • O. • 0 o O. 0 @O ..




8 ~- • 0 0
0




!::.z = - 0. 15191
Contacts: 1-17, 1-21, 2-20
Interstitia1s x y z d Touching
.
A 0.17629 0.58437 1.73847 0.87416 1~ ,6,19' ,23
B 0.50000 0.18120 0.74050 0.82337 1,4,7,8,24
C 0.86573 0.78744 0.28853 0.69865 8,24,25,28
D 1.00000 0.36453 1.48251 0.67250 6,9,10,26
E 1.42219 0.59565 2.16302 0.56860 8,12,26,28
F 1.47956 0.97602 1.18582 0.56110 10,26,27,30
G 1.99562 0.74557 0.52182 0.47135 10,14,28,30
Substitutiona1s x y z d Touching
A 6 0.50000 0.07218 1.50542 .1.14148 1,2,4,7,8,9,20
B 26 1.00296 0.83631 1.81974 1.09381 10,12,24,28
C 24 0.61337 0.83525 0.86776 1.09049 10,20,21,26
D 10 1.26109 0.42660 0.91403 1.08385 7,8,9,12,24
E 8 L 00000 0.27221 2.35325 1.08169 1,6,9,10,11,26
F 28 1.52616 1.09260 0.20294 1.02331 10,25,26,27,30
G 12 1.88131 0.64587 1.68145 1.02101 9,10,11,14,26,30-118-
X Y Z
1 0.00000 O.OCOOO 0.00000
2 -0.50000 -0.28868 1.63299
@@ ~•• 3 -O.OOCOO -0.57735 0.81650 @ @ 0 • 4 0.50CCO -0.28868 1.63299 ® @ @ @ o.
@@ .s So 5 0.50000 -0.86603 o.oecoo
@ @ @ 0 • 6 1.00000 -0.57735 0.81650 @. @ 0 s @ s @. • s 7 1.000CO O.OGOOO o.oeooo @ 0 s 0
@ @ @ ~'" o. 8 1.50000 -0.23868 1.63299
@ @ @~@. :(3-:s S 9 1.50000 0.2$868 0.81650 @ 0_ s 0'" o. 10 2.00000 -o.oocoo -o.oocoe - @ @",@ ~. 0
@@ ~ • s~ 0 11 2.00000 0.57735 1.63299 • ~ <:> 0 @ @ _ 0'" N • 12 2.50000 C.28868 0.81650
@. -@~ • @~ s @ lZ! ~ a 0 13 2.5000'0 -0.28868 1.63299 @ ~ s _0 0 _
@@@ ... o~ 0 <:> .- 14 3.00000 -0.00000 -0.00000
o @;:,;@- '" s ......
15 3.0COCO 0.57735 1.63299 @@o;;;@ *o~ o.
<:> ...
~-
o @..@ "'. [> 16 3.50000 0.23868 0.81650
@ ._~"." • @>iF@ ... = sa o. 17 3.50000 0.86603 -o.ccooo
@ :"@o o. <:> ... 18 4.000CC 0.57735 1.63299 @ @... ..... ... S 0 ......
<:> ...
19 4.000CO 1.15470 0.81650 @ ~. 0 0 ~o
® @ -. <l 20 4.50eOO 0.86603 -0.00000 @ S %1@~ 0 .... 0 S
@@ ~.~ or 0 21 4.50000 0.28868 0.81650 ® P'@ • <:> ...
22 5.CCOeO 0.57735 1.632·99 @ @ re® • _....... S <:> '" - -:~ ;;; @@ '" 0 0 -- 23 5.0000e 1.15470 0.81650 1<1" @. @r so· t3 - ® • • 24 5.50000 0.86603 -o.oeooo
• 25 5.500CO 1.44338 .1 • 63299
0 26 6.eoooo 1.15470 G.81050 co
r-.: 27 6.000eo 1.73205 -O.GOOOO C\I
@@ ~••
28 -0.87251 0.44710 0.19707
.Q
-0.60328 0.95783 -0.61942 ~ @ 0 • .- 29 @@ @@. 0.
0 ...
w
@ @ • 0 a
c:> 30 -0.29558 0.46930 1.01357
@ @ @ 0 • ..... 31 -0.02635 0.98003 0.19707 @ • 0 S <I - @ s ® @ • s 32 -0.33405 1.46356 1.01357 - @ s 0 0
j~ 0.242as 1.49077 -0.61942 -
®@ @~ 0 ••
@@ @@ ·so -... 0.55057 1.00224 1.01357 .... ... ... ....
35 0.81980 1.51297 0.19707 @@@ 0 0 • 00
o ® @ • 0 0 36 1.12749 1.02445 -0.61942 @ 0 • 0 @ 0 @ ® 0 0 37 1.39672 1.53518 1.01357 @ o·
@@ @~ •• -- ... 38 1.70442 1.04665 0.19707
@@S@@ 0 0 • 0 .... ...
39 1.97365 1.55738 -0.61942 .......
@@@ o. 0
o~
a @ ® 8 0 [> 40 1.66595 2.04591 0.19707 , ®@ @ 0 0 • 41 2.2"4288 2.·06812 1.01357 8 ® @ • 0 42 2.55057 1.57959 0.19707 @ ~.. 0 @®@@@@ . 0. 0 • ...... 43 2.81980 L09032 -0.61942 ~~
@ ® • S 0
<:> Q 44 3.12749 1.60180 1.01357
@ @@ 0[> so. «I 45 3.39672 2.11253 0.19707 @® ®@ '0. 0 S 46 3.70442 1.62400 -0.61942 @@~. 00 ® @ 0 • ....... 47 3.97365 2.13473 1.01357 .... .-
@@ @ @ • 0 S ........
48 3.66596 2.62326 -0.61942 @ @ 0 0
0"':
@ ® @ 0 • • t3 49 4.24285 2.64547 0.19707
50 4.55057 2.15694 -0.61942
51 4.81980 2.66767 1.01357
52 5.12749 2.17915 0.19707
53 5.39672 2.68988 -0.61943




Contacts: 1-28, 1-31, 2-30
Interstitials x y z d Touching
A 0.22829 0.57573 1.77336 0.83383 1,4,29,33
B 0.5 0.15795 0.72406 0.78797 1,3,6,7,34
C 0.91643 0.37083 1.38443 0.63726 4,9,34,"36
D 0.97155 0.72862 0.36886 0.63432 7,34,35,38
E 1.5 0.49057 -0.25574 0.49139 7,10,36,38
F 1.48410 0.86429 1.23510 0.42381 9,1l,36~37
Substitutiona1s x y z d Touching
A 4 0.5 0.01387 1.52603 1.10045 1,2,3,6,7,8,30
B 34 0.65211 0.84103 0.94621 1.04042 9,30,31,35,36,37
C 36 1.03904 0.85665 . -0.55236 1.04008 7,33,34,35,38
D 7 1.0 0.18072 -0.06389 1.03641 1,4,8,9,10,36
E 9 1.34415 0.37866 0.88012 1.03611 6,7,8,11,34[1111 1:390 32.21° (572)
o O. ~O O. GO 0
O. -8080_ .~OeO••~
6 GO. "8 60. -G GO
(lJ.~~.6~O & ~ "~~.6~6~ .~~.c:.
• 88 6 0 OD. eO.
VC ~ WilE
.0 00 Ao.~ ~o o.~ ~o • 0 .0. ~o o. ~o o. ~o o.
~ o· ~ o. ~
•• ~ 0•• 0 o·.@
@ o@ o. @. ~ o@ o. @. @ o@ 0
o. ~o o. 0 0 o. @
o O. 00 O. ~O 0
O••~O~O••&OGO••~
~ 60 -6 80••~ ~O
~
~• ~~G ()'l8.t'59~~50'~ _~~. ~ 6 ~9~44 ~51 56•
. 018 C ~ 050 •
A
~2 I ~ ~ 16 22 0 30 • ~ 0 6 8 .12 14 0 0 20 .26 28 031 0 o .3 4 01 09 0 .15 11 ~ 023 0 .29
~ 0.5 • ~11 13 018 .19 2. 025 21 o.
.0 0 10.~ 024.00
.0 ",,0 .~ ~o •
0.0 ."".0.0 • ",,0
.... 00 • .." 00 • .." 0 0
o. 0 0 o. 0 0 o. 0
181 0.890
1.603


















Contracts: 8-38, 9-38, 16-41
Interstitia1s x y z d Touching
A 2.03716 0.53437 1.60261 0.88950 11,12,36,39
B 0.42288 0.58264 1.89008 0.82344 1,4,33,36
C 0.53370 0.16979 0.73243 0.76943 5,6,32,34
0 2.30531 1.09792 1.02856 0.71784 12,37,39,40
E 2.52952 0.67258 -0.13679 0.66425 13,14,38,41
F 0.91592 0.36159 1.37743 0.62422 4,8,34,36
G 1.04099 0.72707 0.33022 0.59919 6,8,34,35
H 2.96706 0.84050 0.5539.8 0.53827 12,16,41,43
I 2.77785 1.27374 1.50621 0.48375 14,39,42,43
J 1.5 0.34266 2.02215 0.48329 6,7,9,36
K 3.04383 1.21898 1.99167 0.47278 14,16,41,42
Substitutiona1s x y z d Touching
A 4 0.5 0.02638 1.52161 1.10871 1,2,3,5,6,7,32
B 36 1.27069 0.71733 1.74926 1.07669 6,7,34,38
C 43 3.28181 1.33185 0.99049 1.06058 14,41,42,46
D 39 2.22427 1.25165 1.70238 1.06034 14,36,37,38,40,41,42
E 14 2.80031 b.69264 1.71452 1.05894 11,12,13,16,39
F 12 2.5 0.49857 0.74229 1.04896 8,9,13,14,15,38
G 6 1.0 0.19505 -0.06896 1.04235 1,4,7,8,9,36
H 8 1.41444 0.35405 0.85425 1.02668 6,7,34,38
I 34 0.71060 0.90642 0.92541 1.01654 8,32,33,35,36,37
J 44 3.60260 1.85361 0.13247 1.00339 16,41,42,43,45,46,47-122--123-
~~~~~~~,wr;r·~.~'N~C~~~Nr'~N~ro0~~~~1~~,
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r.:) ·~O ~ 0'-. <:r 1'. ::".j ~; C: :f:: c:: (~: ···G ~ ~... C"'- ':::r f'. ("'.1 ~; () "'0 C ~-.r '~J ":"""'i
~~~nN~OO~C~~'~MNO~~~~~~~~O~C





















:::: C:: w: co ::-:1 () :'):i ::.: C: u; :'"~ .. ~_o :.: '.:;
o -...::; t-:J '·C ;--:':' ~:; ...;J 0"l~ 0 ~ -..c '..0 c· i<l~; "00
.0 co r'.. OJ r-.... 0 co m 0 !'. co co 0 f"" IJ:J
o co r-, co r·~. 0 co ;:0 C r..... ::0 co 0 1'''' CD
o ('..; w1 r·~ ~-; 0 r·~ ~"'·.1 0 ~r.i ('",J c-.~ 0 u1 t·~
~ u; f~ a:J n Lt; 0 r~'"; 0:: u~ 0 r<:: 0:; 0 L:J
C !'4; c:: ':: r~ rc; r", :-,::: ...;J ~~ f'... ..:.. ~ i'... ::: ..
···G f'.. :-.:> co ...;::: f'. c:r ~") co r..... ~ ~J ;~ <':;'" ("oJ.
··.(i f',. C; co ",:"J r-.... Li; .~:: CD !'''' u'") --(; ~ L:; ;-<;
co iJ-': <::: ("·.1 CC L:1 ~ ::0 r·~ L:: ~ 0:: ~t ~ 0-.
~ . . . ~ . . . ~ . . ~ . . ~
(;:cocoo~o-oo~c:~-:-~








































































C) \' ()0 (j <:: (;













? .:. ~.:.;_;00() 0
3 <- O()O()(j
:5 eo ~:.iOOOO















._() y J9() l·'·~·










-4 + :2t, ,~.::, "7 1
2 '" ~S7~5(?O





:::2 .~ ·4 S) .'3 ,··f ~1
o + ~.:,~ .~.6 ~;()
G.;. :!. :] l.~.0 2
1 > ".79::~.~2;S
.-., ··.('·:>D."1.t. ..;.• : .:.. L.' - " .'
z
.. '! 632?9





,'~, ::;) of ., r=:/,
_' oio 1.....I.i.•.' ....,··./
.'~ ,-....' ,- .-
'.J ~. :::..; t) :::; 1,)















Contacts: 1-35, 2-34, 3-30
Interstitia1s x y z d Touching
A 0.62581 0.79337 -0.06726 0.75956 4,9,30,36
B 0.22239 1.01432 1.24304 0.73861 2,30,35,37,42
C -0.08985 0.60265 1.99516 0.52010 1,2,36,41
D 0.27307 0.41969 0.92798 0.50427 2,3,8,35
Substitutiona1s x y z d Touching





<e@@@@ oeQiO X y Z
@ @ ~ ~ ~ ela
Qi 0 e ~
~ @ @l~O •• a 1 O.COOCO O. 00000 O. 00000
© ~ t!~ ~-!l4i=o e Qi 2 -0. 50000 -0.28868 1.63299
@ Q"'@ 0 e Qi 3 -0. 50000 -0.86603 -0. 00000 <O~ "'$2 Oe
'"- 4 -0.00000 -0. 57735 O. 81650 @ ~ ~'"'O ~ 0 e a ....-
@ @ ©l'(j~'2J 0 • a 0 e
~~ 5 O. 50000 -0.86603 -0. 00000
ro~~
~ 6 O. 50000 -0.28868 1. 63299 ©~(j - . oea
Ii> ~~! . -'"• ....a 0 e
"'<0 7 1.00000 -0. 57735 O.8iw50
... <0 8 1.00000 -0. COOOO -0. OOOCO
@ ~~= a 0 e Qi 0
~::1
~~@@)@ eQiOe <:] 9 1. 500GO -0. 25868 1. 63299
~@~~@ aOeao 10 1.50000 -0. 86003 -0.00000
~:g 11 2.00000 -0. 57735 0.81650
C\I @l~Cll~•• O. =: IU') 12 2.00000 -0. 00000 -O.OO'JOO r<) @@@@@ OeQiO 181
0 13 2. 50000 -0.28868 1. 63299
r<) i)~@ e\tOe 14 2. 50000 0.28868 0.81650 co
ID 15 3. OOOCO -0.00000 -0. 00000 <t'
16 -0. 57895 O. 77993 0.27217
..Q 17 -1. 00000 0.38490 . 1. 08867 ~ ~
w '" 18 -1. 13158 0.94706 -0. 51J.433
~@i)~@ a 0 e \t 0
0;>
<i 19 -0. 71053 1. 34209 1. 08867
..- @@lQl~•• o. 20 -0. 15790 1.17496 -0. 54433 - @@@~@ oe\to - -... 21 -0.02632 0.61280 1. 08867 .... ....... "'..
@@© eQiOe\t 0-: 22 O. 39473 1. 00783 0.27217
@@@~@ oe\to ~ 23 0.26315 1. 56999 1. Oa867
@@~@Ii) e \t 0 e \t 24 0.81579 1. 40286 -0. 54433
"'- 25 0.94.737 0.84070 1. 00867 @l@@~O•• a
"'...
~ ...
@Ii)@@@ a 0 e \t
co-' 26 1.36842 1. 23573 0.27217
0 27 1.50000 O. 67858 -0. 54433
~ @ (§) ~o e a 0 e
©@~Q)@18I \t 0 e a




~ 30 2.34210 1.46364 0.27217
@@l.~. 0 •• 31 2.47368 O. 90148 -0. 54433




~@@~@ \tOe\to ... ...






46.83 0 (352) !::.z 0.27217
VEX = 0.42918
Contacts: 8-27, 12-27, 9-27'
Interstitials x y z d Touching
A 1.57965 0.24269 0.78398 0.84415 11,12,14,25
B . 0.50000 0.55810 1.94598 0.80555 1,6,8,20,22,24
C 0.59295 0.16099 0.72621 0.69587 7,8,21,25
D -0.50000 0.44263 1.98681 0.62481 1,2,16,18,20
E 2.00000 0.28867 1.42887 0.58114 9,13,14,27
F -1.00000 0.08627 1.19425 0.52720 6,7,9,25
G 1.50000 0.51459 0.17750 0.47826 8,12,26,27
H 1.00000 0.61584 0.39465 0.46288 8,22,25,26
I 0.97540 0.72090 -0.04908· 0.44598 8,22,26,27
J 1.00000 0.19245 .1. 76907 0.41421 6,8,9,27
Substitutiona1s x y z d Touching
A 25 1.03061 0.48505 0.95953 1.14485 7,21,22,26,27,28
B 21 0.02055 0.41258 1.06630 1.04234 4,6,17,25
C 6 0.50000 -0.11226 1.57062 1.03471 1,2,4,7,8,9,21
D 22 0.42307 0.88675 0.22820 1.01732 1,16,20,21,24,25,26
E 8 0.97451 0.19132 0.16650 1.01395 1,7,22,27
F 1 -0.00217 0.00625 0.00177 1.00438 2,4,8,16
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Contacts: 1-19, 11-31, 12-31
Interstitia1s x y z d Touching .
A 2.52308 0.23107 0.77577 0.87900 14,15,29,32
B 1.44813 0.59982 -0.55003 0.85810 7,8,24,28
C 1.5 0.14464 0.71464 0.76820 6,7,10,11,25
D 0.44792 0.51862 -0.52144 0.72221 1..4,20,24
E 0.5 0.07657 0.66651 0.67344 1,3,6,7,21
F 2.94774 0.72591 0.32649 0.59533 15,30,32,34
G 3.0 0.30132 1.43781 0.59523 12,16,17,31
H 2.0 0.24577 1.44699 0.51027 8,12,29,31
I 1.94745 0.64516 0.35626 0.47772 11,26,29,30
J 1.0 0.02227 1.21687 0.44201 4,6,8,25
Substitutiona1s x y z d Touching
A 29 1.96639 0.53116 0.92777 1.13918 11,25,26,30,31,32
B 8 1.5 -0.00529 1.53280 1.08839 4,6,7,10,11,12,25
C 25 0.96849 0.43602 1.05129 1.08138 4,6,21,29
D 11 1.98520 0.26886 0.23778 1.05057 10,26,29,31
E 4 0.5 -0.11311 1.57092 1.03438 1,2,3,6,7,8,21
F 7 1.0 0.17412 -0.06157 1.03382 1,4,8,11,22
G 26 1.39509 0.91918 0.17764 1.03229 7,22,24,25,28,29,30
H 35 3.46001 0.69324 -0.57578 1.02358 15,16,31,37
I 15 3.0 0.05837 -0.02063 1.00383 11,12,16,17,18,31
J 22 0.38545 0.89474 0.22760 1.00093 1,19,20,21,24,25,26-130 -
o @ • 0 ~o • @ 0 • • o @• ~ 0 • 0
o ~ • 0 00 • ~ 0 •
• 0 ~ • ~ 0 • ~
o ~ • 0 @o .~ 0 • '" ~r=o • ~
• 0 ~"'. o ~ .~ N~ O$!.... ~ 0 •
• O:zl~S. ~O-. ~
o ~ • ~O:::~ OU:>'" ~ 0 •
• 0 :a~:t. ~""O". ~ ,r y Z o ~ .::10 ~~ 0-..... ~ 0
.t\. •
• 0 ~ •
~ 0·~
1 0.00000 0.00000 0.00000
2 0.00000 -0.57735 0.81650 o~.o~o.~o• 3 0.50000 -0.28868 1.63299
• 0 ~ •
~ 0 • ~ 4 0.50000 -0.86603 0.00000
0~.0~0.~0• 5 1. 00000 -0.57735 0.81650
• 0 ~ •
~ 0 • ~ ~ 6 1.00000 0.00000 0.00000
IN O~.O~O.~O•
1\ 7 1.50000 -0.28868 1.63299 - - • 0 ~ •
~ 0·~




:z 9 2.00000 -0.57735 0.81650
0 10 2.00000 -0. 00000 0.00000 0
11 2.50000 -0.28868 1.63299 0
g 12 0.00000 0.47509 1.22475 • 11 -0.00000 1.05244 -0.40825
1'0 14 0.50000 0.76376 0.40825 w 0~.000 • 0 o •
15 0.50000 1. 3411 1 1.22475
• 0 ~ • o 0
• 0 16 1.00000 1.05244 -0.40825 -- 0~.0~0.0 o • 17 1.00000 0.47509 1.22475 - ...
• 0 ~ •
~ 0 • 0 18 1.50000 0.76376 0.40825 ....
0~.000.0 o • 19 1.50000 1.34111 1.22475
• 0 ~ • o 0 • 0 20 2.00000 1.05244 -0.40825
o ~ • 0 00. 0 0 • 21 2.00000 0.47509 1.22475
• 0 0 .330 0 • ~ 22 2.50000 0.76376 0.40825
00.000.00 •
• 0 0 .Im30 0 • 0
o ~ • 0 00 • 0 0 •
• 0 0 .31m0 0 • 0
00.0~0.00 •
• 0 0 .31l!10 0 • 0
00.000.00 •
• 0






o • o 0 • 0
Ci!l
O~.O~O.~O •[Ill] L:3 60.00° (112)
VEX = 0.20924
L\z = -0.40825


















1 0.00000 0.00000 0.00000
2 -0.50000 -0.28868 1.63299
®,. ©'®~l2 " .0
3 -0.00000 -0.57735 0.81650
© .... @ ","'.0 0 4 0.50000 -0.28868 1.63299
C! ®""':I> I;l ® 5 0.50000 0.28868 0.81650 (j) ~ ~;:::o®- 6 1. 00000 0.00000 -0.00000 • © ~w;@ @ _s ~ 0 0
© ~~j)co 0' 0 • 7 1.00000 0.57735 1.63299 '"1jl <::>$Z! 18'-
@ ©~~~~ 0"'. 0
'"(Q 8 1. 50000 0.28868 0.81650
. s =. 0 <n_ 9 1.50000 0.86603 -0.00000
,.® @"Q$®~ ~ 0"''' •
00 -:= 10 2.00000 0.57735 1. 63299 © ~- '" oC • I;i ~- ... %. 0 11 2.00000 1.15470 0.81650 ® -0
~ ~ Q~~:;o:~ ~ - 0 ° • ....,eo 12 1.50000 1.44338 1. 63299 .....- © ~....~~ ~ .... <::> 00
13 2.00000 1. 73205 -0.00000 ® ©c..>~@.o
~Q
_~ ~ ©<D... ..... 0 14 . 2.50000 1.44338 1.63299 © ®_ ..,~ <J~ .co 0 18' -- 15 2.50000 2.02073 0.81650
1II @"'©~ ... o~" .,,
0
_ 0>
:=~ 16 3.00000 1. 73205 -0.00000 © ®- co - ~t·. 0 [> 17 3.00000 2.30940 1.63299 ~~'" .
~©~ "' .... 0 @
eo 0> 18 2.50000 2.59808 -0.00000 ©~~ (j)0 0 18'. o.~ 0> ...., 19 3.00000 2.88675 0.81650 C?r-:
© 0 ° • 20 2.50000 3.17543 1.63299 ~©®~~. 0 <1
~. ~".
21 3.00000 3.46410 -0.00000
v ~ ©® .0 O •




3.75278 0.81650 ,... '-:0 23 3.50000 - ~©®~ .0°·181 24 3.00000 4.04145 1•63299
0
0 © ~ 0 25 3.50000 4.33013 -0.00000 en
~ 26 4.00000 4.04145 1.63299
.2 27 4.00000 4.61880 0.81650 r<l
28 -0.85669 0.46165 -0.25974
"'l
~ • 0 *~. 0 " • 0
29 -1.03411 -0.08776 0.55676 - 30 -1.42121 0.34060 1.37326 - - 0
(Q 31 -1.24379 0.89001 0.55676 - O@ ~ 0. 00 '"
~ 0 0 • 7: 32 -1.06637 1.43942 -0.25974 ....
<i>©~~0. 0 0 <l 33 -0.67927 1.01107 1.37326
© @ ~ 0 0 • 34 -0.50185 1.56048 0.55676 o 0. -'" @ © 0 • 0 :;:;~ 35 -0. 11476 1.13212 -0.25974 @l @ ~ ~ • 0 o~ 36 0.06266 1.68154 1.37325
@ • © ~4. 0 " • "" 37 0.44976 1.25318 0.55676 @O@<i> 0. 0 ~~ 38- 0.62718 1.80260 -0.25974 <i> ~©~~ .0 0 • 0 = 39 0.24008 2.23095 0.55676 O@~O!1 0_08' 46 0.80460 2.35201 1.37325 @ ~ 0 j [>0 41 1.19169 1.92365 0.55676 © ~ =@ _ 0 0 ~~
® ~.~. 0 " • 0 .... 42 1.36911 2.47307 -0.25974
.O@18I _00 ~ 43 0.98202 2.90142 0.55676
O~. oC 0 • 44 1.54653 3.02248 1.37325 ~ 0 0 _0>
O~~®· O®C;~ 45' 1. 15944 3.45084 -0.25974
({) @ - =- 46 1.72395 3.57189 0.55676 ~.© 0 ®.
~ @O~<i> 0. 0
0 47 1.33686 4.00025 1.37326
o - -- 48 1. 90137 4.12131 -0.25974 ®.O~ 0".
(Q eo
"'" o.n 49 1.51428 4.54966 0.55676 ~©~ -
00
~ 0. 0 181 50 2.07879 4.67072 1.37326 @@O@~ 0°- 51 2.46589 4.24236 0.55676 O@ o· 52 2.64331 4.79178 -0.25974
53 2.25621 5.22014 0.55676
54 2.82073 5.34119 1.37326[111] E31a 17.90
0 (4117)
VEX = 0.49153
!:!l = - 0.25974
Contacts: 2-28, 5-37, 13-41, 20-44.
Interstitials x y z d Touching
A -0.34473 0.64086 0.58448 0.86671 1,31,33,34
B 0.03495 0.48751 1.56945 0.81414 4,5,33,35
C 1.17043 1.05631 0.95565" 0.69379 7,8,11,12,37
D 0.60916 0.73928 -0.08963 0.68205 6,7,35,37
E 0.72578 1.31302 1.58179 0.57357 7,12,35,38
F -0.68844 0.27547 1.14246 0.54193 2,29,30,33
G 1,29209 1.56342 -0.07162 0.46247 9,13,38,41
H 0.96909 1.17255 2.05386 0.45923 7,9,12,38
Substitutiona1s x y z d Touching
A 15 2.15601 2.21933 0.95693 1.17024 11,13,14,17,18,19,41
B 7 0.74120 0.72678 1.73865 1.09806 4,5,6,9,12,35
C 12 1.44074 1.56082 1.59147 1.07681 11,13,38,39
D 18 2.31001 2.70777 0.07756 1.05343 13,15,19,20,21,42
E 9 1.31251 0.97427 0.07654 1.05205 6,7,8,11,12,13,37
F 5 0.08166 0.42123 1.02581 1. 04709 3,4,33,37-134-
~© 0 X Y Z o 1iII~ .0" ~~O @ .0' 1 O.OOOO() 0.00000 0.00000 ~O~ 0 @ 0 '") -0.50000 -0.28868 1.63299 O~~©~O@·O. ...
3 -0.00000 -0.57735 0.81650
~O~~ !O@O® 4 0.50000 -0.28868 1.63299
~ .... ® • _ ....




6 0.50000 0.28868 0.81650
-'C
~ ~~.., -~. 0 0 7 1.00000 0.57735 1.63299 ~.... ....® .
O..,~;;!~ 2 ~ 0 @ • 8 0.50000 0.86603 O.O()OOO <0 ~...~O @!"" ~. 0 ..., .... 9 1.00000 1.15470 0.81650 .., ....,
~. O~~ =[jJ ~ :::= 10 1.50000 0.86603 0.00000 o e'" ~;.,:. ...0" r> 11 1.50000 1.44338 1.63299 · ~ 0 ..,' • 0
~ . ...o-® O~~...... - _ ® 12 1.00000 1.73205 0.00000
o ~ ~O~O~ @-! 0 • -- 13 1.50000 2.02073 0.8J.650 -- =....,
~c::i 14 2.00000 1.73205 ~ O~~ .~ o-® 0 <]' 0.00000
~ ~_. _®.O 15 2.50000 2.02073 0.81,S50
• 0 • P-~~.-if" • ....,- 16 2.00000 2.30940 1-.63299
~ • ~"'.... _ ®..,. 0
- (Q 17 2.50000 2.59808 0.00000 -- -- o O~_""."'O®·
~ 18 3.00000 2.30940 1.,S3299
@!.~O-O ~O 0. 0 19 3.00000 2.88675 0.81650
,I") 20 2.50000 3.17543 1.63299 C\l ~•• O®
21 3.00000 3.46410 0.00000
0 22 3.50000 3.17543 1.63299 <n r-: 23 3.50000 3.7'5279 0.81650 N - - 24 3.50000 4.33013 0.00000 ....
d
0 , ,.,.". -0.57061 0.78284 -0.24811 ~O 0 . ......J C\l ......
"-l o 1iII~ .0"
<l 26 -1.14204 0.70036 1.38488
.rtJ).O @00. 0 --
27 -0.92776 1.23647 0.56838 - o © ~ • 0 @ ....,- 28 -0.35633 1.31895 1.38488 - ...,- - c::i= 29 -0.71347 1.77258 -0.2481.2 ..... @l.O O@ @. I
• <0 ~ @! • 0 0
IA 30 -0.14204 1.85506 0.56838
~ • 0 • 0 ..,- 31 -0.49918 2.30870 1.38488 .1;" 0e4. 0 .. •
-....,
(Q - 32 0.07224 2.39117 -0.2481l OQ @ e _ @ • 0 I 33 0.42939 1.93754 1 • ~58488 0 .00. O@. 34 0.64367 2.47365 0.56838 ©~.o 0· .0
..., c::::> 35 0.28653 2.92728 1.38488 ~ • 0 [>0 0 ~ .......
36 0.85796 3.00976 -0.24811
r-a> Oe e~... o c::ic:i
~<o.o~' 0@·0 [> 37 0.50082 3.46340 0.56838
~ -< 0 0 38 1.07224 3.54587 1.38488
o @! • 0 ... 0 0· • -...., 39 1.42939 3.09224 0.56838 -- • 0 ~ • 10 8. 0 0 0 0
~~ 40 1.64367 3.62835 -0.24811 c::::> c::::>
I @ [> @. <] 41 1.28653 4.08199 O. ~56838
.o·O~.0"· 42 1.85796 4.16446 1.38488
@! @!. 0. 0 ...., .... -...., 43 2.21510 3.71083 0.56838 _c
.o~. 00.
Q~ 44 2.42939 4.24694 -0.24811
I
O@!.o @ • • 0
~ 45 2.07224 4.70058 0.56838 ~. 0 0
. O@l•• O® 46 2.64367 4.78305 1.:38488Contacts: 1-25, 13-34, 12-34.
Interstitials x y z d Touching
A 1.15764 2.62911 1.41773 0.84262 13,35,36,38
B 1.55679 2.49509 -0.07283 0.77084 14,16,36,39
C 2.15081 2.79968 0.93963 0.72495 15,16,19,20,39
0 0.72113 1.31571 -0.63595 0.61931 7,8,11,12,33
E 0.79200 2.28524 -0,48680 0.53134 12,32,33~36
F 0.58771 1.73644 0.61548 0.48165 9,12,30,34
Substitutionals x y z d Touching
A 28 -0.13185 1.03383 1.25658 1.14303 6,25,26,27,30,33
B 36 1.07799 2.73028 -0.37387 1.13760 12,32,34,35,38,39,40
C 33 0.57227 1.88593 1.43227 1.09459 9,11,32,34
0 30 0.01842 1.65124 0.47667 1.07432 8,27,28,29,32,33,34
E 8 0.38349 0.93329 0.04757 1.02026 1,6,9,12,25
F 9 0.89579 1.21487 0.85904 1.01622 6,7,8,11,12,13,33




t:z = -0.24811[III] ~13b 27.80
0 (572)
.0 0••• 0 0••• 0 0 O. e. o 0. -.0 o. -.
."'" tit ."'" • ."" .0 v. .0 v. .0 ve
• ·0 • .0 •.
.~~ 0 e .'~ : 0 •••~: 0 .~:a4t::-r.~: ~ 0
o • li 0 • li 0 •
$ 0 • Ii 0 • li 0 • .li O·.li o·.li 0
• li 0 • li 0 • $
olio • li 0 •
$ 0 • li 0 $ 0
$ 0 • li o. $
o·.li o·.li 0·.$
o ••• 0 ••• 0 0 o. -. 00&.. o~ •• • o~... O. (j)
.0 o. .0 o. .0 o{) •• ~3.'c/(j)~o _5.6 •9-' a~~O rq)9 ~r@ • 0
~i~~6 .9
rtJ 1~3«84i~35~ ~(j) ~ "J: u "\!~ "J~
• Ii . • Ii .26 $ 0
-2 3 6 Ii 10 12 -16 18 21 Ii 25 .31
Ii 0 04.5 1. iiI! 0 13 0 1 9 -20 2~ $27 028 0 •
• $ 08 9 _ lil5 0 24 • Ii30
.Ii 014 _Ii 23 029.$ o _Ii 0 _0 0 ° 0 Ii 0 ° o.
Ii 0 - ° 0 • $ o••°0•• ° o·.~

























































































































































Rotation symmetry is achieved only by moving atoms 35,39,48 and 53 from crystal one to
crystal two. New neighbors for 35: 1,3,6,2,5; for 39: 5,6,7,9,lQ. The contacts and
relative translation remain the same.•
-138-(III) I39a :ll21· (3411
0).. ~~ O~ .0 ~. O~
@.?~ © ~ • ~ • © ®0 ® • ({). 0 0 • ~ • 0
(j) ©.(@ ~ ~ © © ®. •0 ~ ~. 0 \) ~
<W~© ©®rIl .O~ ~.O O~•• 0 ..J:I~~: @0 @ ..&0:~~ 0 &0 til
~0 00~~"~0 00~
• 181 O. (8)~.(8) O. (8)0 o (8)0 • O. (8) 0.18) • (8) 0 (8) 0 •
• ® O. 0 0 .0 O.
.131 O. 181 0 .0 O. 119 0 O. 0 0 .181 O. (8)0
O. 119 0 .0 O. 119 0 .119
® • 0 181 0 •
123 0871 6:. 0168 V 0.691 IJ 0638 a;;J 0615 Wi! 0.599 6Z·-0135
-0051 0.058 0.923 l4I9 1.211 -0.328
o ~. O~ .0 ~. ©~
0.0.0@l·@l.0$00.0.©@l~@J(j)©






410 ~ ~,tQ§'54~f()~.r. @l(j)..r.o.,.o v~~ "" 40"",,~2~ IS' Mr--51 ©""'l!?!I 51~ y. th. til» ..,
• WA~' Y 45d6~ ~~2.5~~. til» Y. ©@J
32 'B~~56 62 t? 1/ 181 '12 0 31 0 3 .2 119 9 '1)11 C 1i921 i 21 .28 (8) 0 .
• 119 6 O. • 3 181
16 . 22 24(8) 30 0 • 131 0
4 05 • -10 11914 0 l' .20181 26029 • 119 0 o • 119 0 15 .11 (8) 23025 • (8) 0 •
• 181 0 • 119 190. 181 0 • 0
®O .® O. 119 0 .0 0
• O. 0 0 ."'" 0 O. ®O 131 • ""0 .® (8) • 0 119 0 •
123 1.111 6:. 1.062 V 1.048 IJ 1.029





(111] 2:39a 32.2P (341) 6Z = - 0.13546
VEX = 0.45379
Contacts: 9-32, 7-32, 21-52
Interstitials x y z d Touching
A 0.50832 0.79404 -0.05090 0.87066 8,9,39,40
B -0.62737 0.01509 0.62305 0.76862 1,2,33,36
C 1.10047 1.02634 0.92341 0.69139 9,10,39,45
D 0.71584 1.34363 1.41897 0.63788 12,32,40,41
E -0.12785 0.07381 1.27694 0.61538 2,6,7,34
F -0.38166 0.62152 -0.32802 0.59945 1,.32,34,37,39
Substitutiona1s x y z d Touching
/
A 1 -0.10429 0.23684 -0.08370 1.17102 6,7,32,35
B 11 1.29490 0.98444 0.08373 1.06214 8,9,10,12,13,45
C 18 2.81948 1.83628 0.07370 1.04830 15,16,17,20,21,22,49
D 24 3.86130 2.96683 0.87312 1.02865 20,22,23,26,27,28,56
E 12 1.48600 1.46763 1.63299 1.02858 9,11,13,16,44
F 28 4.40339 3.80856 0.85593 1.01395 24,26,27,30,31,56
G 22 3.41997 2,64428 0.03267 1.00958 18,20,21,24,27,50
H 13 2.0 1.17874 0.80800 1.00064 11,12,15,16,17,45
I 27 3.98437 3.47313 0.00639 1.00037 22,24,28,31,57-142-[111] E39a 32.21° (341) tJz :=; - 0.13546
x y Z .X Y Z
1 0.00000 0.00000 0.00000 32 0.05311 0.86900 1.49753
2 0.00000 -0.57135 0.81650 33 -0.52380 0.89140 0.68104
3 -0.50000 -0.86603 0.00000 34 -0.83166 0.40298 1. 49753
tI -0.00000 -1.15470 1.63299 35 -1. 13953 -0.08544 -0. 13546
5 0.50000 -0.86603 0.00000 36 ":1. IW858 0.42539 0.68104
6 0.50000 -0.28868 1.63299 31 -1.10072 0.91381 -0.13546
7 0.50000 0.28868 0.81650 38 -0.79285 1.40223 1.49753
8 1.00000 -0.00000 -0.00000 39 -0.21594 1. 31982 -0.13546
9 1.00000 0.51'735 1.63299 40 0.36098 1.35742 0.68104
10 1.50000 0.28868 0.81650 41 0.09192 1. 86824 1. 49753
11 1.50000 0.86603 -0.00000 '12 0.66884 1.84584 -0. 13546 r! 12 1.50000 1.44338 1.63299 tl3 0.39979 2.35666 0.68104 ,(::>
13 2.00000 1.15470 0.81650 4ll 0.97610 2.31426 1.49751
LV
I
14 2.00000 0.57'135 1.63299 45 1.24575 1. 82343 0.68104
15 2.50000 0.86603 -0.00000 46 1.55362 2.31185 -0.13546
16 2.50000 1.44338 1.63299 tl1 1.28456 2.82268 0.68104
11 3.00000 1. 15410 0.81650 '18 1.86148 2.80021 1.49153
18 3.00000 1.13205 -0.00000 tl9 2.13053 2.28944 0.68104
19 3.50000 1.44338 1.63299 50 2.43839 2.1'1186 -0.13546
20 3.50000 2.02073 0.81650 51 2.1693'1 3.28869 0.68104
21 3.00000 2.309'10 1.63299 52 2.74626 3.26628 1.49753
22 3.50000 2.59808 -0.00000 53 2.47720 3.71111 -0. 13546
23 4.00000 2.30940 1.63299 5t1 2.78507 4.26553 1. 49753
24 '1.00000 2.88615 0.81650 55 3.05412 3.
r/5t110 0.68104
25 4.50000 2.59808 -0.00000 56 3.63103 3.13230 1.49153
26 '1.50000 3.17543 1. 63299 51' 3.36198 4.24312 -0. 13546
21 4.00000 3.46410 -0.00000 58 3.09293 4'.75395 0.68104
28 4.50000 3.75278 0.81650 59 3.66-984 4.7315'1 1.49753
29 5.00000 3.46410 -0.00000 60 3.:'10079 5.24237 -0.13546
30 5.00000 4.04145 1.63299 61 3.'971'11 5.21996 0.68104
31 tI.50000 4.3i013 -0.00000 62 4.55'162 5. 19'(56 1.4g'/53z
," -~. r', ,':, (',
", ....::: ',-' .... ,"
O(.Dl,S~50
:L y 6:.3::.~S)?
, ,- .-'. ,'\ ~'. ",
I.) ,. i.)~) t•.} I..) I.)
0.00000
o•t; :!. ,S ~:.: ()



























1 (. :.5 (i() (>0








() ~ ~2 ~:5B:? '.:?
2~. ~5000(>
.... I),Of)OOO
.... :l t :':~;e .~.:~ 0 '.~:








































Contacts: 1-23, 2-23, 4-27, 4-41.
Interstitials x y z d Touching
A 0.13376 0.50413 1.74505 0.75304 1,3,22,24
B 0.50000 0.64213 -0.08286 0.63608 1,11.24,41
C 1.71614 1.31858 1.80947 0.62623 4,6,7,13,27


















® ~ <j)~ g:j 0 0
X Y Z <j) 0= 0 • N. . o .... ~- ~® ®
@ @~~s. ~O 0 1· 0.00000 0.00000 0.00000 <j) 0:;; ':9 ~ ~® •
o ®~... :Be) 0 ® 2 -0.50000 -0.28868 1.63299
<j) <j)"" "'. 3 -0.50000 -0.86603 0.00000 o O~ ,%fl) @. !4 0.00000 -0.57735 0.81650 @> ~ ~~ <2. If 0 0 '*0- ~-...... 5 0.50000 -0.28868 1.63299 o ~:;;l ... 0- @ 6 0.50000 0.28868 0.81650 <j) @> ~~, _rJj ... ~ 0 • 0 7 1. 00000 0.00000 0.00000
~ 0 ~~:c ~ '"' c)@ 0 ~ 8 1. 00000 0.57735 1.63299
<j) O~ 0 • ~. • ..- 9 1.50000 0.28868 0.81650
~OJ@ ~o_o" -- 0_ 10 2.00000 0.57735 1.63299 "':0
(j) <j)~ '"". • 0 C> 11 1.50000 0.86603 0.00000 o ® © ~ @ C.... @ ~
<j) <j) .0 ..-
12 1.50000 1.44338 1.63299 -= 13 2.00000 1.15470 0.81650 © © ~ ~ ®. --
,....; ......
~ ~ 0 0 1!4 2.00000 1.73205 -0.00000 (j) <j)© •• 0 <J
o OJ ~ .. •
15 2.50000 1. 44338 1.63299 - ~ ~<j) 0 O~ 0<0 16 2.50000 2.02073 0.81650 <j)O(j)O •• 0 _ .....
I'- -"" Ittl
~ O@ 0
"':c:i 11 3.00000 1. 73205 -0.00000 - @>~ .0 •• 0 ~ 18 3.00000 2.30940 1.63299
0 <00· 19 3.50000 2.02073 0.81650 r<'l
ttl
20 3.50000 2.59808 -0.00000 to -r ·21 !4.00000 2.30940 1.63299
22 4.00000 2.88675 0.81650
..Q 23 -0.13373 0.94995 0.28232 2!
w ~O@>O~ 0·@·~ '" 2!4 -0.55!478 0.55492 1.09882 - "" 25 -1.107!41 0.72205 0.28232 ~(j) (j)O .0.0 c:i . 26 -0.68636 1.11708 -0.53417 O~O~ 0~00·
..... - <l 27 -0.26531 1.51211 1.09882 - - l!I '* '*t:1. . 0 28 0.28732 1.34498 -0.53417 O~O~ 00~00 "'0 29 O. 15575 1. 90714 0.28232 "" ....
(j)o·O~ 0·0·
<0_
0"': 30 0.70838 1.7!4001 1. 09882
~ ~ 0 0 ~ 31 0.5'7680 2.30217 -0.53417 <j).o •• 0
<0 <0 ~ .. •
32 1. 12943 2.13504 0.28232 ~ ~<j) 0 0 0 <0""
U">U"> 33 0.99785 2.69720 1.09882 ••0 ..... 0
<0_
c::Oc:i 34 1.55048 2.53007 -0.53417 ~ 0 ~. 0= 0 0 00 8'
• o....~·. 35 1.41890 3.09222 0.28232
<0 o~ - 0@· U">= 36 1•.97154 2.92510 1•09882
l!I liI 'ti 0
....<0





00 [) 38 2.39259 3.32013 0.28232
<j)o<j)©@> 0·0·
U">U"> 39 2.26101 3.88228 1. 09882 ....- 40 2.81364 3.71515 -0.53417 ~ @> 0 0 -- ci,...;
<j) .0 •• 0 <J !41 2.94522 3.15300 1. 09882
<0 OJ ~.. • ~ @><j) 0 o® 42 3.36627 3.54803 0.28232
• <j)o •• 0 "'en
~©~<j) 0 0
0 0
'" U"> - .... 0=





Contacts: 1-23, 14-32, 2-24, 12-30.
Interstitia1s x y z d Touching
A 0.73624 1.20922 0.35894 0.82202 11,23,29,30
B 0.08823 0.49864 1.71485 0.78451. 1,5,24,28
C 1.17607 1.05305 0.96026 0.68506 8,9,12,13,30
D 0.5 0.64198 -0.15225. 0.65567 1,7,23,28
E 0.36684 1.00525 1.17959 0.62855 6,27,28,30
F 0.95687 1.66486 2.13999 0.55061 12,28,31,32
G 1.44601 1.47455 0.43029 0.49448 11,13,14,32
H 0.97641 1.16832 -0.39862 0.44835 8,11,12,28
I 1.14713 2.05941 -0.88750 0.42695 12,30,31,34
Substitutionals x y z d Touching
A 11 0.99638 1.05903 0.23565 1.17000 6,7,28,32
B 30 0.81181 1.29813 0.84416 1.11374 6,12,29,32
C 28 0.39254 1.31316 -0.49531 1.01355 8,23,29,30,31
D 6 0.42210 0.33365 0.84830 1.00908 1,4,5,8,23






















































































































































































































......... - ." ........
0 .....
--'
........ = 0 c;;
_0 , o[111J l: 37c (10,11,1) /'::,.z 0.36079
VEX 0.46030
Contacts: 1-30, 18-44, 14-37
Interstitia1s x y z d Touching
A -0.32931 0.37353 1.08560 0.75191 2,7,30,31
B 1.00003 0.39487 1.50496 0.71332 6,7,10,11,37
C 0.14107 0.80340 0.24194 0.70163 1,7,33,36
D 1.66909 1.34576 1.77105 0.69588 13,14,17,18,38
E 1.32271 1.78822 0.50202 0.68985 18,36,38,41,42
F 2.35836 2.67985 1.26265 0.61686 19,23,45,46
G 0.92563 0.89764 0.54364 0.58297 7,14,36,38
H 1.31420 0.88453 1.71680 0.51222 13,14,37,38
I 1.94482 1.76391 1.24727 0.49632 15,17,19,42
J 1.43361 2.17621 0.03238 0.44101 18,39,41,44
Substitutiona1s x y z d Touching
A 42 1.59549 2.21990 1.24540 1.04133 19,38,39,43,44,45
B 7 0.48646 0.32776 0.82755 1.02871 1,6,11,34
C 23 2.82078 2.97926 0.89354 1.02742 19,22,47,53
D 39 1.08926 1.87583 -0.41035 1.01842 18,36,37,38,41,42,43
E 38 1.07751 1.33995 1.17251 1.01200 15,36,37,42
F 22 2.95333 2.33635 1.65205 1.00326 17,19,20,23,24,25,46
G 15 1.98104" 1.16565 0.82424 1.00054 11,13,14,17,18,19,38
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5.4 LESS DENSE BOUNDARIES











0 • • d., _~~
0
• •








• X Y Z
0 • · .....,
0 1 0.0 O. 0 O.C • _ a.. .. ~ ___ ~oo • 2 1.0 0.0 0.0 • 0
.~.
':( 2. 0 0.0 0.0 0 oJ
•
0 4 O. 5 0.5 O. 707 11
o ...' • 5 1.5 O. 5 o. 707 11 0 .......... "'_-X
0'
•
0 6 2.5 0.5 0.70711
O~o • 7 2.0 1.0 0.0
N
0 • .....
• ..., 0 ... 8 3.0 1.0 O. 0 2
c::>
• Cl.. ~ __Js- •
....
9 4.0 0.0 0 •
Il!I 1.0
0 10 3.5 1.5 O. 707 11 ,.,
11 4.5 1.5 0.70711 ,.,
12 5. a 2.0 0.0 '"
13 -0.41962 0.89282 0.70711
'" •
0 14 -0.31962 1. 59282 O.G
Vol
i~:
0 15 0.38038 1. 49282 0.70711 •
0 • 16 1. 08038 1.::9282 c. c 0 0 ....... •
0 17 0.48038 2. ~9282 O. 0 0
0 o ~ • 18 1.i6038 2.09282 0.70711 0 ~O • • , 0 19 1.58038 1.992&2 O. G
• do \ • 20 2.58038 1.89282 0.70711 0 .. .-rjJ • · "
0 21 1. 980S8 2.69282 O. 707 11
• )i.
0 22 2.68033 2.59282 O.C
0 I • 3.:8038 0 4. ..... ~
0
~ 23 2.49262 0.70711
•
0 co ,24 4.08038 2.:9282 O. 0 ....
o ~ 0 •
ci
0 • ~ ·.....,
0
• Ci. \ •




0 ..., .......... <il








• 0. .... \ • C3I 0 .. ~ __ -h~ •Interstitials x y z d Touching
A 0.30717 0.98038 0.0 0.. 75265 4,4',14,15,15',16
B 1.03980 1.10874 0.70711 0.52624 5,15,16,16'
C 1.31972 0.68028 0.0 0.50333 2,5 ,5' ,7,16
Substitutiona1s x y z d Touching
















1 O.COOOO 0.00000 0.70711
2 1.0 0.0 0.70711
3 0.5 O. 5 0.0
4 1.'5 O. 5 0.0
5 2.5 0.5 0.0
6 1.0 1.0 O. 707 11
0 7 2.0 1.0 0.70711
r<> 0 8 3.0 1.0 0.70711 0
• • 9 2.5 1.5 0.0 • '" 0 0 <:>
10 3.5 1.5 0.0 0 0 ~ r- • 11 3.0 2.0 0.70711 eX)
<D 12 -I. 0359 1. 57 18 O. 70711 r<>
13 -0.4359 2.3718 0.70711
14 -0.9359 0.8718 0.0
It) 15 -0.3359 1. 6718 0.0 "'l 0 • • 0 0 16 0.2641 2.4718 0.0 0 • • 0 11 O. 864 1 3.2718 0.0 0
0' 0 18 -0.2359 0.9118 O. 707 11
0 19 0.3641 1. 7718 0.70711 ~ • • 20 0.9641 2.5718 0.70711
0 21 1. 5641 3. 37 18 0.70111 • 22 1. 0641 1. 87 18 0.0 0
0 23 1. 6641 2.6718 0.0
24 2.2641 3.4718 0.0 • 0 25 1.7641 1. 97 18 0.70711



















Interstitia1s x y z d Touching
A 0.42694 1.33193 0.0 0.67025 3,15,19,19',22
A' 1.68581 1.31420 0.0 4,7,7',9,22
B 1.96167 2.00003 0.0 0.46946 9,23,25,25'
B' 1.14112 1.14112 0.0 4,6,6',22
C 1.08597 1.71870 0.70711 0.44764 6,19,22,22' ,25
C' 2.39064 1.60936 0.70711 7, 9 •9 ' ,II,25



























































































































































o o q. 0
.,A,· 0 • 0
o ':~-:J~::-';£ •
• :a 0
o~ e:t .'lJ.... •
• 9i2- '"
0.l!:l~1 , _ 0_ 0
o ~. ~. •
• .... 1 .bS2 • ~___ ~ 0
o .... . "".
eC'.l Oeo
• ~~< 0 o ~- 0 · o:_~A:~-o · 0
o -..--:J: •
• .... 0 o o~ ._
• .:!:! 0", •
o o 0 • 0
· · :51/',·0·0
o 0 1 ...~ • . --- :.,
• <:> l> <] - 0 0
0""" .~
o "" • • • .... p,:::! •
• 0 '::A~~ 00 •
o-7-~': o l><] "" •
.~ 0
• ....... 0 o 0"',.,.... 0
.~~,' , ..........
• - ~ , a
0'" I -< j.... 0
fIJE ~ • . --- ....











Interstitia1s x y z d Touching
A 0.86585 0.86673 0.0 0.75309 3,3' ,4,17,17'
B 0.14247 0.82411 0.02364 0.67333 1,3,18,19
C 0.19010 1.25627 0.70711 0.63461 3,17,18,18',20
Substitutiona1s x y z d Touching
A 7 1.9'8958 1.03126 0.0 1.02181 5,5 ' ,9,23,23 '
















































































































































































Contacts: 6-22, 10-22, 10-22'
Interstitials x y z d
A 1.09653 0.90347 0.0 0.81723
B 0.66671 1.33329 0.70225 0.69963
C 0.28948 0.710513 0.0 0.5,3444
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a • ~ o
• a le •
• a •
• a 0 • .: ~ : . ..-V-....





• a a • • •
.ol~o· ..-V-....
a • • a o. a
•. a a • . ---~












o • S !if
o •
o
o •(100] Z13 (051) 6.z 0.0
VEX 0.4760
Not the densest
Contacts: 1-17, 3-17, 6-17
Interstitia1s x y z d Touching
A 1.57140 1.42860 0.70711 0.86267 4,7,7' ,9,21
B 0.60000 1. 40000 0.70711 0.81110 3,6,6' ,19,20,20' ,21
C 2.19560 1.80440 0.0 0.65567 7,9,9' ,11,22
D 1.19998 1.80002 0.0 0.64928 6,20,21,21' ,22
E 2.44115 2.50002 0.0 0.49978 11,22,23,23',24
F 2.83333 2.16666 0.70711 0.49071 9,11,11' ,13,23
Substitutionals x y z d Touching
A 21 1.2 1.8 0.70711 1.17255 6,6' ,20,20' ,22,22'
B 22 1.85186 2.07407 0.0 1.16848 7,21,21' ,23,23'
C 9 2.30555 1.69444 0.70711 1.07423 7,7' ,11,II' ,23
D 23 2.43183 2.52273 0.70710 1.04999 9,22,22' ,24,24'
E 6 1.0 1.125 0.08839 1.02330 3,4,7,17,20























































































































































Contacts: 1-17, 8-27, 1-22, 9-27
Interstitials x y z d Touching
A -0.52361 0.39440 0.79847 0.79872 1,2,17,19
B 1.08334 0.80552 0.09476 0.63069 5,23,25,25 ' ,27
C 0.5 0.55086 0.09476 0.49990 1,5,22,22'
D 0.82347 0.17661 0.70711 0.49990 4,5,5' ,22
(E) 1.96496 0.96154 0.80187 0.42584 9,27,27',28


























































































































































































o 0.. 0· 0(;0, .0
·S:~' g!0· o .... <:>. 0
• ,....,. ... ....~ 1;2.
• '3' '«II0
o_~"'o .... \.
• • ""I 181 ff • "0. .... .. 0
o en en .. .... .
• ..., ~ ... '0
o .0 ... ~1\'" .. 0 •
a '-<:l r; .... 0 0
o ~ _ • ..... -- .....








Interstitials x y z d Touching
A 1.04016 0.90872 0.70711 0.81922 6,22,26,26'
B 2.81220 1.87403 0.70711 0.78795 12,24,28,28' ,31
C 2.67664 1.32335 0.0 0.68418 7,12,12',16,27
(0) 4.41975 2.29863 0.0 0.60530 17,29,32,32',35
(E) 4.27195 1.72805 0.70711 0.55436 13,17,17 I ,31
(F) 1.90640 1.20688 0.0 0.48534 11,11' ,2?,27
(G) 2.03066 1.73447 0.70711 0.47021 11,23,27,27'
Substitutionals x y z d Touching
A 11 1.95032 1.14904 0.70711 1.12042 6,6',12,27,27'
B 5 0.5 0.71634 0.15298 1.06902 1,2,4,6,26
C 27 2.20039 1.71814 0.0 1.05512 11,11',26,28
(0) 12 2.78557 1.6835 0.67717 1.00264 16,27,28,31
close to 11,24,27',28'







© @> • @ 0 • © 0 © • • @ o~ • @ ©- 0 X Y Z © "" ""'. .= @", 0 0.00000 0·.00000 • 1 0.00000
@ 0 .,.,
o~ • 2 -0.50000 -0.5000!) 0.70711 ©~
© @~
.... 0 3 0.50000 -0.50000 0.707'11
.~
@~ 0 PI • 4 1.00000 -0.00000 0.00000 @- 0 © ""'@ .= "" 5 1.50000 -0.50000 0.70711
@~ 0 '" • "" 6 1.S0000 0.50000 0.70711 @ @~. ...
0
[> 7 2.00000 0.00000 0.00000 @~ ...
0
@ @::;;~ • 8 2.50000 0.50000 0.70711 @ le 0 0 ....
@'" • 9 3.00000 0,,.00000 o.ocooe
@ • t¥'
0 ~
@~ "" 10 3.00000 1.00000 0.00000
© .... • <l 11 3 ~ 500()O 0.50000 0.70711 @ 0




~ 13 4.50000 0.50000 0.70711 ...
0 "" 14 4.50000 1.500()O 0.70711 ;;:; @ • r-- @ "'0 0 • I:8l 15 5.00000 1.00000 0.000('0 0 © 0 16 5.00000 2.00000 0.00000
0 17 5.50000 1.50000 0.70711 'II"
((j 18 6.00000 2.00000 O. r)OOOO 'II"
19 -0.53283 O. 83~~07 0.1541~.3
0
20 -1.25696 O. 1~241 0.15415 en 0 N 0 • ~ @) 0 21 -1.23972 0.8-4·931 --0.5:'5296
0 22 -0.51558 1.53896 -0.55296
0 • .... 23 0.17407 0.81482 -0.55296 Q 0 •
:;:
0 ~ 24 - 0.19131 1.52172 0.15415 • "" • <i
25 0.89821 1.50448 -0.55296
0 26 0.91545 2.21138 0.15415 • 0 0.15415 • 27 1.60511 1.48724
0 • "" 28 1.62235 2.19414 -0.55296 ....
"" 0 .,.,
29 2.31200 1.47000 -0.55296 •
c::i
• 0 30 2.32924 2.17690 0.15415 0
31 3.03614 2.159<S5 -0.55296 • 0 ....
"" • "" 32 3.05338 2.86655 0.15415 0
<0
"" 0 [> 33 3.74304 2.14241 0.15415
• 34 3.76028 2.84931 -0.55296 0 • 0 :: 35 4.46717 2.83207 0.15415
• .- 36 4.48442 3.53897 -0.552"96 • ""




0Interstitials x y z d Touching
A 0.88090 0.90491 0.15146 0.85039 4,6,24,25
B -0.55086 0.34143 -0.55902 0.71174 1,2,19,21
C 0.73492 0.26508 0.70711 0.60066 3,4,4',6,23
D 1.59883 1.22989 -0.55296 0.50501 6,25,27,27',29
E 0.11022 0.11022 0.70711 0.44817 1,1' ,3,23





































0 X Y Z
1 0.00000 0.00000 0.10111 • 2 1.00000 0.00000 0.70711 ~
3 -0.50000 0.50000 0.00000 • 4 0.50000 0.50000 0.00000
0 5 1.50000 0.50000 0.00000 • 6 1.00000 1.00000 0.10711
0 1 2.00000 1.00000 0.70711
;;; 8 3.00000 1.00000 0.70711 •
C>
-' 9 2.50000 1.50000 0.00000
[>
10 3.50000 1.50000 0.00000.
11 4.50000 1.50000 0.00000
0




13 4.00000 2.00000 0.70711 • <l
0 14 5.00000 2.00000 0.70711 \
" E • 6.00000 ;;; @ ~ " f'Ol""t .... • -
15 2.00000 0.70711
r-- ~ 0
U"> 16 4.50000 2.50000' 0.00000 8 C • 0
~
0 •
a 17 5.50000 2.50000 0.00000
0 18 6.50000 2.50000 0.00000 0
0 19 6.00000 3.00000 0.70711 ~
<0 20 -0.89017 1.10963 0.72410 ~
21 -0.16607 1.79933 0.72410
0 @ 0 - 22 0.55813 2.48893 0.72410
", •
c;
23 1.28223 3.17863 0.72410 C\l c:i
W • ..... 24 2.00643 3.86823 0.72410 <l
25 0.54083 1.78213 0.01699
C>




C> 27 1.98913 3.16143 0.01699 +
•
28 2.71323 3.85113 0.01699
CO> 29 1.97183 2.45463 0.72410
0 ~ 30 2.69593 3.14433 0.72410 •
c:i
0 31 3.42013 3.83393 0.72410
0 32 3.40283 3.12713 0.01699
• ... 33 4.12693 3.81683 0.01699
~
c:i 34 4.85113 4.50643 0.01699
[> 35 4.10983 3.10963 0.72410 •
00 36 ·4.83393 3.79933 0.72410
0 ...,
37 5.55813 4.48893 0.72410
00
c:i
• <l 38 5.54083 3.78213 0.01699
39 6.26493 4.47133 0.01699
<:> •
~ 40 1.50000 1.50000 0.0






2:29a 46.40° (073) !J.Z 0.01699
VEX = 0.48540
Third densest
Contacts: 40-26, 40-25, 16-35
Interstitia1s x y z d Touching
A 2.66375 2.51284 0.0 0.87197 12,12' ,27,30
B 0.08477 0.91523 0.70711 0.83830 1,4,4',6,21
C 1.23512 1.93806 0.70711 0.74592 40,40 ,. ,22,26
D 4.82184 3.30216 0.01699 0.72896 16,36,36',38
E 3.67311 2.32689 0.0 0.68964 10,13,13',16,32
(F) 3.39281 2.71682 0.72412 0.63513 12,30,32,32',35
(G) 2.0 2.10852 0.01699 0.57554 9,40,29,29'
(H) 2.26714 1.73286 0.70711 0.56006 7,9,9',12,29
(Il 0.53573 1.57274 0.72410 0.47495 6,21,25,25'
(J) 0.86995 1.1046 0.0 0.46126 4,6,6' ,40,25
(1<) 4.55508 2.55508 0.70711 0.42277 14,16,16',35
Substitutiona1s x . y z d Touching
A 32 3.39307 2.72738 0.01699 1.15393 12,30,30' ,35,35'
B 29 1.96191 2.13829 0.72409 1.09479 12,40,26,26'
C 12 2.96107 2.11679 0.70711 1.09095 9,9',13,29
(D) 6 0.87963 1.12037 0.70711 1.02877 4,4' ,40,40' ,25
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0 (073) !lZ o
VEX = 0.5211
Fourth densest
Contacts: 13-35, 16-35, 16-35'
Interstitials x y z d Touching
A 1.53118 1.46882 0.0 0.93863 5,7,7' ,9,26
B 2.57145 2.42865 0.0 0.86268 9,12,12',27,30,30',32
C 0.11401 0.88599 0.70711 0.78659 1,4,4',6,21
D 3.69987 2.30013 0.0 0.64943 10,13,13 ,. ,16,32
(E) 4.71428 3.28573 0.0 0.62885 16,36,36',38
(F) 1.00006 1.80001 0.56563 0.62485 6,22,25,26
(G) 3.28562 2.71439 0.70711 0.53873 12,30,32,32' ,35
(H) 2.29060 1.70940 0.70711 0.53322 7,9,9',12,29
Substitutionals' x y z d Touching
A 29 1.92183 2.07817 0.70711 1.16199 7,9,9',12,26,26'
B 32 3.28562 2.71438 0.0 1.08990 12,12',30,30',35,35'
C 6 0.96152 1.11544 0.70711 1.08975 4,4',7,25,25'
(D) 9 0.46489 1.53510 0.0 1.07140 4,6,6' ,21,21'
(E) 26 1.46665 1.60005 0.0 1.07636 6,6' ,9,25
(F) 25 0.48132 1.59547 0.0 1.08688 6,6' ,21,21' ,26
(G) 12 2.97323 2.08032 0.70711 1.05982 9,9',13,30
(H) 36 5.0 3.10261 0.70711 1.01050 19,35,38,38'
Lattices exactly on the coincidence lattice; CSL sites: 20,35-174-
• x y z
0 ....
'" 0 .... '" 1 0.00000 0.00000 0.00000 • • •
0 2 1.0 0.0 0.0
3 2.0 0.0 0.0
4 0.5 0.5 0.70711
5 1• 5 0.5 0.70711
6 2.5 0.5 0.70711
7 3.5 0.5 0.70711
8 2.0 1.0 0.0
0
9 3.0 1.0 0.0
• 10 4.0 1.0 0.0
0 -
11 3.5 1.5 0.70711 .... 12 4.5 1.5 0.70711
0
0 l> 13 5.5 1.5 0.70711
14 4.0 2.'0 o•
• ~ 15 5.0 2.0 0.0
~ 16 6.0 2.0 0.0 «l • 17 7.0 2.0 0.0
N 0 ..,. 18 5.5 2.5 0.70711
10 • :=
6.5 2.5 0.70711 0 19 • C!lI 20 7.5 2.5 0.70711 0
0 21 7.0 3.0 0.0 0
<t 22 8.0 3.0 0.0 r<i
<t 23 -0.6207 1.4484 0.0
24 0.0690 2.1725 0.0
0
25 -0.6035 0.7415 0.70711 en • N ::::: 0 ~ • 26 0.0362 1.4656 0.70711 0
27 0.7759 2.1897 0.70711
0" 28 0.7931 1.4a2~ 0.0
g, 29 1.4·\28 2.2069 0.0
• 30 2.1724 2 .. 9311 0.0 0
0 31 1.5 1.5 0.70711 • 32 2.1897 2.2241 0.70711 ~ ...
33 2'. 8793 2.9483 0.70711 0
0 34 3.5690 3.6724 0.70711
35 2.8966 2.2413 0.0' $2 0 eft
0
..,.
36 3.5863 2.9654 0.0 "'!
0
4.2759 3.6896 0.0 l1> 37
0 38 4.2932 2.9826 0.70711 • 39 4.9829 3.7067 0.70711 •
:;;
0 0 40 5.6725 4.4309 0.70711
«l 41 5.0 3.0 0.0 • 42 5.6897 3.7241 0.0 0
0
~ 43 6.3793 4.4483 0.0 ~
0
•
C!lI 44 7.0690 5.1724 0.0
0 45 6.3966 3.7413 0.70711
46 7.0863 4.4654 0.70711(100]
-175-
L:29a 43.60° (052) I::.z o
VEX = 0.4422
Not the densest
Contacts: 5-31, 8-31, 8-31'
Interstitia1s x y z d Touching
A 2.59324 1.40676 0.70711 0.82307 6,9,9' ,11,32
B 0.09996 0.90000 0.0 0.81114 1,4,4' ,23,26,26',28
C 2.2 1.8 0.0 0.64922 8,29,32,32' ,35
D 1.21427 0.78573 0.0 0.62885 2,5,5',8,28
(El 0.8 1.2 0.70711 0.52317 4,26,28,28',31
(Fl 3.34620 1.65380 0.0 0.47960 9,11,11',14,35
Substitutiona1s x y z d Touching
A 35 2.94917 2.05083 0.0 1.10411 9,1~,11',14,32,32'
B 28 0.8 1.2 0.0 1.07847 4,4',26,26',31,31'
C 11 3.34621 1.65380 0.70711 1.04676 9,9',14,14',35,35'
(D) 4 0.48798 0.53606 0.70711 1.02532 1,1',5,26
(El 32 2.5 1.63950 0.70711 1.01937 11,31,35,35'
































































































































































o oContacts: 9-27, 12-29, 12-29'
Interstitials x y z d Touching
A 1.53975 1.12085 0.0 0.88365 4,4',22,22',23,unnumbered
also at 18,18',34,35,35',37
B 0.5 0.77959 0.02853 0.85318 13 ,15,31,32
C 3.87500 0.87500 0.0 0.76777 7,8,8' ,27,27'
D 3.15108 0.86083 0.0 0.73429 8,8' ,23,25
E 3.0 1.18816 0.62691 0.70880 5,8,23,24
(F) 6.29884 1.29884 0.70711 0.64755 13(13 ' , 14,31
(G) 5.64942 1.28236 0.65886 0.59591 11,13,29,31
(H) 5.5 -1.59479 0.13011 0.57569 12,13,29,30 .
(I) 2.0 0.99866 0.46712 0.49165 4,5,22,23
Substitutionals x y z d Touching
A 20 0.01353 0.76203 0.70711 1.07930 13,13',29,33
B 23 2.44926 1.26022 0.0 1.07895 5,5',22,22',25
C 1 0.0 0.27603 0.0 1.07479 12,15,31,31'
(D) 4 1.48429 0.54714 0.70711 1.03361 2,2',5,21
(E) 15 6.78827 1.63520 0.0 1.02469 13,18,18',33,33'
(F) 5 2.5 0.64822 0.70711 1.02185 4,8,23,23'
(G) 33 6.88835 2.29380 0.66111 1.00634 18,31,32,34,35
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1,1' ,3' ,3",5,5' ,14
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0 • 0 • • 0 •
0 • 0 • 0
~
\ , • 0
\ '., 0 • \. I 0 •
\ .,.,
X Y Z ~-- • 0 <::> :!:
'0 ... ~ • 1 0.50000 0.70711 O.COOOO ~ 0 • 19
'" 2 1. 5 0.70711 0.0 0-
~ ,. - • 3 1. 0 1.41421 0.5
0 d I
<::> 4 2.0 1.41421 0.5 .- .-
'" I <::> • ~ -4... <::> 5 1.5 2.12132 0.0 0 -' • "" 1l> 6 2.5 2.12132 G.C 0 • 0 <D 7 1.0 2.82842 O. 5 :i':J • 0 ~ 8 2.0 2.82842 0.5 0 <::> • ~ ....
9 1.5 3.5355 0.0 0 <a • • 10 2.5 3.5355 0.0 C\I 0 '" ,1'1 ~ • 11 2.0 4.2426 0.5 1'1 0 .- re 0 - 12 3.0 4.2426 0.5 • 0
0 !l3I 13 2.5 4.9497 0.0 0 •
~
to 0 • 14 3.5 4.9497 0.0 '<t
d 15 3.0 5.6569 0.5
10
16 0.0 0.0 .0.'5
~ 17 -0.4226 0.9063 0.5
0 • 18 - 1. 0589 1. 6777 0.5 0
19 -0. 1953 1. 7420 0.0 • '0 •
0 • o· 20 -0.8316 2.5134 O. 0 • ~ 0 • 21 0.0320 2.5776 O. 5 0
~
• 22 -0.6043 3.3492 0.5 0 \ ,
\ ($J f
0 23 0.2593 3. 4135 O. 0 • 0 24 -0.3770 4. 1849 O.G • • 0 ...--1:> 25 0.4866 4.2493 0.5 <a • 0 26 -0. 1497 5.0207 0.5
10
0 • 0 27 0.7139 5.0850 O. 0 f(" I
• CD 28 0.0776 5.8564 0.0
0 \ ($J I .... 29 1. 5776 5. 1493 0.5 I • 0 • i>---" 0 Il> 30 0.9413 5.9207 0.5 • <a
31 1.8049 5.9850 0.0 0 • 0
~~





\ ($J : 0 <a • \ • 0 ...--~ <a <.> • 0 ""
<::>
•
0 ::e • 0 0
0 ($J • 0 •Interstitia1s x y z d Touching
A 0.60993 2.12127 0.0 0.78015 5,19,21,21'
B 0.22902 1.32740 0.5 0.55170 3,17,19,19'
C 0.46816 1.43673 0.0 0.46063 1,3,3' ,19
(D) 0.50423 2.74852 0.0 0.41730 7,7' ,21,21' ,23
Substitutionals Touching






































o ~ . .... • X Y Z · -
5'
~ ""'--~ 0 1 0.00000 0.00000 0.500eo.
o ~ ,', IN • 2 1.00COO o.occoo 0.50COO
"J
3 2.00000 O.COOOO 0.5CCCO • ....
, " a') 0 .,.
0 '" , _.:i q 0.500CO 0.70711 o.ococo
• "\ --:: 0 • 5 1.5COCC 0.70711 c.occoo
o ~ ¢ )e<G .,. 6 2.50000 0.7C7ll o.coooo '" ---- ..- . •
¢
1 3.50000 0.10711 o.cooco
~ • N , CD', 0 [;> 8 ·4.500.00 0.10711 0.00000 ·0 ~ ,'c
¢ , • 9 5.50000 e.70711 o.coooo • .,.,
~ 10 4.COOOO 1.41421 c.scoco ($." ¢
0 • 11 s.ccoec 1.41421 C.5CCCO <a 12 6.ocooo 1.41421 0.50000 lO 0 .- 0 .... 13 Locooe 1.41421 0.5COOO - • •
.,. '" 0 14 B.ccoco 1.41421 0.50000
0
~ 15 6.50000 2.12132 O.OOCCO 0 , , •
0 , ,- I'- •
.... , 0 16 1.SCCCC 2.12132 C.COCOO ~ -d ,.;
17 -0.49408 1.12029 0.50CCO lI'l ..-
18 0.40C92 1~56729 o.SOCCO
0 19 1.29492 2~O1329 C.50000
2! • 20 2.18992 2.46029 0.50000 ,
"'l • ,,
0 21 3.03492 2.9C729 0.50000 a.,
0 • 22 3.97992 3.35329 C.SCOOO •
,
23 4.87392 3.80029 0.50COO. ,
g 0 24 5.76892 4.24729 0.5COCO ..- 0 \0 ...... • .,., • 0 ... 25 2.95392 2.C5129 c.ococo '" -. 0 0 26 3.84892 2.49329 o.cooco 0 , , • ~
" ~'
27 4.74292 2.94429 0.00000 • 0 28 5.63792 3.39129 0.00000 ' . . <D 0 \ .,~
"" 0 29 6.53292 3.83829 D.CCCOC CD • • '<1 0 0 30 5.50692 2.53529 o.socoo 0
--- . • :!? 31 6.40192 2.98229 C.50CCO • ,, ,
0 "" 32 7.29592 3.42829 C.5CCCO 0 , , ¢ ,
[;> 33 -0:36308 1.97629 O.COCOO ,
•
, • 34 2.42329 .....b c;:; 0.53192 O.OOCCO







0 , , • ~ •
, , ,
d 0VEX = 0.44981
Not the densest
Contacts: 6-32, 15-31, 15-31'
Interstitia1s x y z d Touching
A 3.0 1.28'700 0.5 0.82895 6,6' ,7,7' ,25,25'
B 4.55232 2.20733 0.5 0.82148 11,26,26' ,27,27'
C 5.5 1.86327 0.0 0.67530 11,11' , 12,12' , 30,30 '
D 1.04254 1.40017 0.0 0.66085 5,18,18',19,19'
E 2.0 1.01859 0.5 0.54534 5,5' ,6,6' ,32,32'
(F) 3.53035 2.01663 0.5 0.52771 10,25,25',26,26'
(G) 3.43182 1.46243 0.0 0.-51677 7,10,10' ,25
(H) 0.00940 1.23171 0.0 0.43653 4,17,17' ,18,18'
Substitutiona1s x y z d Touching
A 25 3.11573 1.72824 0.0 1.12655 10,10',25',25",26,32
B 10 3.74384 1.58919 0.49128 1.07737 7,10',25,26
C 11 5.0 1.64336 0.5 1.05184 10,11',11",12,30
(D) 30 5.50002 2.30928 0.5 1.05049 11,12,30 ' ,30"
(E) 26 3.94473 2.30485 0.0 1.04548 10,10',25,26',26",27

















































































































o • 0 ~:'~-: o' 0
o ,V, · , ,
• ..., ~.\~ ---l~ 0 0
o "'"" I ~ • q •
I • ~ =, 0' ''9" 0
o - I '""
'0 /)'?ai
:> •
• ~/' I _ 0
4f -< 0
00 I - <',,, o ,,""'.
"" " • ~ \ ,... 0
o • :!:"t>~ -- -I..... "'" 0 •
c:< '. . \
• \ "" 0
O \ '?
o \ '. • 0---...
~

































0.48463 6,6' ,17,17' ,19
0.46283 3,15 ,15' , 17
(Not a stable site)
d Touching





0- • .., • -. X y Z
@ - 0 -0
~ 1 0.00000 0.00000 0.00000 @ <:> ..., • 2 0.50000 -0.70711 0.50000 .-
~ 3 1.00000 0.00000 O.OOO()O .... 0
0
~ 4 0.50000 0.70711 0+500\)·)
::::! • 5 1.50000 0.7071:l 0.50000 •
<:>
@
@ S! 0 0 6 1.00000 1.41421 0.00000
@ .,. 0 7 2.00000 1.41421 0.00000
@ ~ • ::; 8 1.50000 2.12132 0.50000 @ .,.
"'@c:J ...
@ 0 . ,..; 9 1.00000 2.82843 0.00000 re '0 @ - C> '" 10 2.00000 2.82843 0.00000 @ ..., • 11. 1.50000 3 t 5:3~353' 0.50C'OO • ~
@
<:> 12 2.50000
""! 1::---t::"'r::--r o :,. ~7;()()()()
0
•.:.., If ••J ..~l \J ....i ..J ....
0 <J 13 2.000()0 4.24254 0,.00000




:e 110 0 <:> 16 2.00000
1:0 I ,:.- " (""t C:"' 0.00000 10
@ 0 ,..; \.J + C)..JO\J __J - @ • ~ 17 3.00000 ~j ~ (;';5685 0.00000 • CD 18 2.50000 6. 3639(~) 0.50000 It?
19 2.00000 7.07107 0.00000 ;;;
20 3.00000 7~O710/' O.O()()OO
0
21 -0 + 8~~(~~B8 "·().47040 0.27'191 ,...
N
"'l @ • 22 -1 •.63318 --0.8:1.086 0.77991 @ 0 23 -1.68874 0.05338 () ,. 2799:1. @ 0
0' @ 0 • 24 -~0.89244 0.39384 0.77991 @ • c; .... • '" 25 -1.74429 0.91762 0.77991 ©
~
0 <:>
0 26 -0.94800 1.25808 0.27991 @
@ <i 27 -0.15170 1.59854 0.77991 • • 28 -1.00355 2.12233 0.77991 ©
© 0 29 -0.20725 2.4627El 0.27991 0
~ 0 30 -1.05911 2.98657 0.27991 @ • @ -
31 -0.26281 3.32703 0.779'11
© 0 ~ 32 0.53349 3.667.'19 O.279S!1 0 ...,
@ ... 33 -0.3183'7 4.19127 0.21'991 @ • • I> 34 0.47793 4.53173 0.77991 © 0
© 0 35 -0.37392 5.05551 0.77991 @ ....
36 0.42237 5 +3(?597 0.279<,1 •
.,.
«> •
<:i 37 -0.42948 5.91975 0.27991 © <J 0 38 0.366132 6.26021 0.7Ti(?1 0
@ • 39 1.16312 6.60067 0.27';>("1 1 @ •
«>
@ •
.:; 40 0.31126 7 .12445 0.2"79<11 ..,
© 0 <:>
41 1.107'~:.'j6 ...,
.4cl4?1 (). ]",'9'")1 © 0 .-
@ 0 t8]
@ •Substitutionals x y z d Touching
A 9 0.77163 2.66694 0.0 1.07676 8,8 I ,9 ' ,9' I ,29
B 16 1.77746 5.81421 0.0 1.07295 14,14' ,16 I ,16' , ,18,18 I ,39
C 6 0.84055 1.52696 0.0 1.03778 4,4' ,6 I ,6' , ,8,8' ,27
D 14 1.35327 5.05350 0.5 1.03204 14' ,14' ',16,16',36
E 4 0.38389 0.78921 0.5 1.02012 1,1',4' ,4" ,6,6' ,27



































1 O.OOOCO O.OCGOO O.oOOCO
2 1.0000C O.COOOO O.COCOO
3 0.50000 0.7C711 0.50000
?e 4 1.50000 C.7C711 0.50000 • • 5 1.00COO 1.41421 o.cocoe ....
6 '" 2.00000 1.41!-121 0.00000 0 ""
0 ....
7 0.50CCO 2.12i32 0.50000 0 • • ""
~ .. ... • 8 1.50000 2.12132 0.50000 .... • -
~ 9 1.00000 2.82843 0.00000 0 .... ;. 0 .... ;
0 .~~ "" 10 2.00000 2.82843 0.00000
• '" .- 11 1.50000 3.53553 0.50000 .... \ • .... 12 2.50000 3.53553 0.50000 0 .. 0
.... 13 2.00000 4.24264 0.00000
• .- 14 3.00000 4.24264 0.00000
'" .... 15 1.50000 4.94975 0.50000 0 '" 0 "" 0= 16 2.50000 4.94975 0.500CO ....
0
;,:;
Q I> 17 2.00000 5.65685 O.COOOO • .-
0 18 3.00000 5.65685 0.00000
0 ~ "" ... 6.36396 0 0 19 2.50000 0.50000
N "" ~ 20 3.50000 6.36396- 0.50000 Q • 110 • .... 21 2.00000 7.07107 0.00000 10 • - ... ....
22 3.00000 7.07107 O.OOCOO 0 :liS 0 ~
~ • 0 • 23 2.50000 7.77817 0.50000 Q) •
I '" 8 10 •
.- .. I • 24 3.50000 7.77817 0.50000 .... ....- ,., • 25 3.COOOO 8.48528 0.00000
26 4.00000 3.43528 0.00000
0
27 -1.34320 C.33130 C.OOOCO ,...
N
rM 28 -1.39920 1.19530 0.50000
• • 29 -0.54120 0.67141 0.50000
• 30 -1.45520 2.05930 O.OOCOO 0- 0 0 31 -0.60320 1.53530 O.ocooo --- 0 • 32 -1.51020 2.92330 0.50000 • • • 33 -0.65820 2.40030 0.50000 • 0 0 34 -1.56620 3.78830 O.CCOCO
0 35 -0.71420 3.26430 D.OOCOO
• • ... 36 -0.77020 4.12830 0.50000 • ""
0 0
Q
37 0.08180 3.60430 0.50000 0 0 38 -0.82520 4.99230 o.ccoco • • 39 0.02580 4.46830 0.00000 • ...
en
40 -0.,38120 5.85630 0.50000 ...
0 0 "" 0 0 I> 41 -0.02920 5.33230 0.500CO
• • 42 -0.08520 6.19730 0.00000
0 ...... 43 0.76680 5.67330 o.ooooe 0 '" 0 "" 44 -0.14120 7.06130 0 c:i 0.50000
•
<a 45 0.71080 6.53730 0.50000 • • 46 -0.19620 7.92530 o.ooooe
0 ...,
47 0.65580 0 ..., 7.40130 o.coooo "" 0 c:i • • 48 0.59980 8.26630 0.50000 • •
8
• 49 1.45280 7.7 4 230 0.50000
50 0.54380 9.13030 O.oooco
51 1.39580 8.60630 o.ccooe
52 1.00000 4.24264 o.ceoco[110J L: 27a 31.58° (552) llz = 0.0
VEX = 0.47211
Third densest
Contacts: 1-29, 1-29I, 39-52
Interstitial!:: x . y z d Touching
A 0.07415 2.77599 0.0 0.85467 7,7' ,9,35
B 1.59078 6.29976 0.5 0.82296 17,17' ,19,45
C 0.65937 4.83707 0.5 0.69632 15,41,52,52'
D 0.05506 1.41421 0.5 0.67089 3,7,31,31'
(E) 1.23543 6.85977 0.0 0.58647 21,45,45' ,47
(F) -0.03397 0.99375 0.0 0.57137 3,3' ,29,29' ,31
(G) 0.67446 3.53553 0.0 0.55689 9,37,37' ,52
(H) 0.77964 3.33780 0.5 0.49400 9,9' ,11,37
(Il 0.96872 4.97188 0.0 0.45982 15,15',43,52
(J) 0.47886 4.20853 0.5 0.44603 37,39,39',52,52'
Substitutionals x y z d Touching
A 45 1.16334 6.56634 0.49912 1.19443 21,43,45' ,47
B 21 1.63893 6.79674 0.0 1.17139 19,19',45,45',49,49'
C 31 2.17518 8.62968 0.0 1.12271 7,7',29,29t,31'~31",33,33'
(D) 37 0.40219 3.53553 0.5 1.10464 9,9' ,37' ,37",52,52'
(E) 9 0.76307 2.99597 0.0 1.08250 7,7',9',9",11,11'~37,37'
(F) 7 0.28185 1.96706 0.5 1.07016 5,5',7' ,7", 33
(G) 17 1.79071 5.80484 0.0 1.06466 15,15' ,17' ,17" ,19,19',43
(H) 43 'J.97824 5.68679 0.0 1.04440 17,43',43",45,45'
(I) 33 -0.47438 2.41200 0.5 1.03364 7,31,31' ,33' ,33",35,35'
(J) 15 1.37504 5.03811 0.5 1.02329 15',15",17,17',43,43',52,52'


























































































































































































!J.z =0.02736 (118) 159.95° [33a [110]
Contacts: 1-23, 4-29, 10-35, 14-37
Interstitials x y z d Touching
A 0.49882 0.55135 0.5 0.79199 1,1',27,29
B 3.32301 0.62951 0.5 0.73277 8,8' ,33,35
C 2.5 0.37470 0.5 0.60050 6,6' ,8,8' ,31
0 1.91237 0.74374 0.02736 0.49878 6,29,29',31,31'
E 1.5 0.10539 0.5 0.42983 4,4',6,6' ,29
F 1.99984 0.50406 0.5 0.41996 6,6' ,29,31

























• .,., / ::2 0




0 x y z
.~ 1 0.00000 0.00000 0.00000 0 ... - ~ 2 0.50000 -0.70711 0.50000 • 0 .,.,
"" ~o .:=
0
3 1.00000 0.00000 0.00000 0
~
-- s 0 4 1.50000 -0.70711 0.50000 • ..,
I' 0
"" / '.., 5 2.0000 0.00000 0.00000 0
0 ...
/0
"" • 6 2.50000 -0.70711 0.50000 • .... / ... "", "'" 7 3.00000 0.00000 0.00000 a.
0
0 "" ...... • 8 3.50000 -0.70711 0.50000 "" t>
•
o : r-
9 4.00000 0.00000 0.00000
• 10 4.50000 0.70711 0.50000
• "". ;:::: --
0'" :;; 11 5.00000 0.00000 0.00000 0
ot1 N
- 12" 5.50000 0.70711 0.50000 • <l
• -<' 0 13 6.00000 0.00000 0.00000 ,
0 , -
co <1~ , • 14 6.50000 0.70711 0.50000
1- ... ,
15 7.00000 0.00000 0.00000 •
~ ... 'Og"! ~ , ~ 0
d.... ~', • 16 7.00000 1.41421 0.00000
0 ~ b 181 17 7.50000 0.70711 0.50000 If) ~ en 18 8.00000 1. 41421 0.00000 cri
~ 19 0.50000 -0.70711 0.50000 - 20 -1.00000 0.00000 0.00000 "" "" 0
0 21 2.52993 r<l 0.88263 0.00000 r<l 0 • + v-l • 22 1.81781 1.37546 0.50000 0 •
,
0 23 0.87841 1. 03262 0.50000 /




0 25 1.10569 1.86829 0.00000
~ 0 (! 26 2.04508 2.21113 0.00000 0
• 0 27 2.75720 1.71830 0.50000
0 28 2.46932 1. 22547 0.00000 0 ~
• I , 0
0 29 3.69660 2.06114 0.50000
0 I ,
0 30 4.40872 1.56831 0.00000 ,
0 • 31 4.63599 2.40398 0.50000 •
/
/ 32 5.34811 1.91115 0.00000 a.~~ ....
0 •
~ 33 5.57538 2.74682 0.50000 •
, 0
•
/ 34 6.28751 2.25399 0.00000
\~-
t>
0 • 35 6.51478 3.08966 0.50000 • 0 36 7.22690 2.59683 0.00000 • "" 0 "" 37 7.45417 3.43250 0.50000 ,, , • ... ,,
0
0
38 -1.71249 0.83978 0.00000 •
,
0 <l







Contacts: 7-21, 10-30, 10'-30
Interstitia1s x y z d Touching
A 7.90533 2.19632 0.5 0.86619 1,1' ,24,24' ,39,39'
B 6.02644 1.51091 0.5 0.86583 14,32 ! 32' ,34,34'
C 3.5 0.51112 0.5 0.74498 7,7' ,9,9' ,28,28'
D 1.52207 0.72737 0.0 0.74067 5,22,22',23,23'
E 5.01644 1.36153 0.5 0.62737 12, 30, 30 ' ,32 , 32 '
F 6.89516 2.04740 0.5 0.62717 16,16' ,34,34' ,36,36'
G 1.98835 0.60734 0.5 0.57353 5,5 ' ,21,21' ,22
H 0.5 0.34355 0.5 0.57229' 1,1',3,3',23
I 2.5 0.30020 0.5 0.53639 5,5' ,7,7' ,21,21'
J 3.99828 1.23452 0.5 0.45585 10,28,28',30,30'
K 3.98199 0.71984 0.0 0.44013 9,10,10' ,28
Substitutiona1s x y z d Touching
A 1 0.0 0.42122 0.0 1.17018 l' ,1",3,20,39
B 32 5.45284 1.62421 0.0 1.09122 12,12' ,30,32 ' ,32", 34
C 12 5.5 1.00726 0.5 1.08815 10,12' ,12",14,32,32'
D 28 3.57006 0.94946 0.0 1.08454 9,21,28',28",30
E 39 -0.69842 0.97800 0.0 1.04689 20,38,39',39",24
F 23 0.75762 0.85808 0.5 1.04456 3,3' ,23' ,23",24,24'
G 3 1.0 0.16032 0.0 1.02554 1,3' ,3",5,23,23'
H 16 7.0 1.54096 0.0 1.01600 16' ,16",18,34
I 34 6.32283 2.15721 0.0 1.01059 16,32 , 34 I , 34 " ,36
J 5 2.0 0.03391 0.0 1.00115 3,5' ,5",7,21
[110]
-195-








Co ~ ~~ ~--b • .-
CD ~/ \ 0 ""• "" 0
• X Y Z
1 o.ooooe c.coooo o.coooo
0 2 1.00000 C.CCOCO 0.00.000
3 2.00000 o.cccoe O.OOCOO




[;> 5 2.50000 0.7071.1 0.50000
6 3.50000 c. 707·11 0.50COO
<::> ..
7 3.COOOC 1.41421 c.cocco "" • o ~~_ 0 •
<&>
8 "",' \ :::: 4.00CCO 1.1.11421 O.COCCO
0 •









12 5.000CO 2.82343 O.OOCCO
<&> • 0 -a" \ • - ... ---.. 0 13 6.occoo 2.82843 o.oocoo 0 t!lI
§ 14 6.50000 3.53553 0.5CCCO
15 -0.19697 C.87853 0.5CCOO
u 16 0.66667 0.94281 0.00000 ,..,
17 0.31818 1.73563 0.5COCO ,..,
v-l
0 • 18 1.18182 1.79991 o.ceooo
8 ..J:t •
0
19 2.04546 1.86419 0.5CCCO
a •
o !~
:;; 20 1.69697 2.65701 O.COCOO \) • "" e::i ..... 0 ~ 21 2.56C61 2.72129 C.500CO • o.~_; __b • 22 3.42424 2.78557 o.OOCOO
0 •
,
\ 23 3.C7576 3.57839 0.50000
•
0 "" 24 3.93939 3.64267 o.oocoo "" "" • 0
Q 25 4.803C3 3.70696 C.50000 0 8 26 5.66667 3.77124 o.oocco 0 • 27 5.31818 4.56405 c.socco 0 •
<::> 28 4.45455 4.49977 c.cooco 0 <::> .... •
0 Q
I C!lI-e \ [;> I • 0 ...-
\
~r- -~ 0
<::> .. \ •
o '~




<I Q..~-~ --~ • ..
0
.~ •
0 <::> " ~..... \ "" "" • 0 ..._~ -~
<::>
0 I:lIVEX = 0.41450
Not the densest
Contacts: 2-16, 4-16, 4'-16
Interstitials x: y z d Touching
A 3.5 2.01083 0.5 0.85036 7 ,7 ' ,8 ,8 ' ,22,22'
B 4.27778 2.98557 0.5 0.78470 10,12,12',24,24',25
C 2.0 1.17851 0.0 0.69967 4,4 ~.,5 ,5' ,19,19 t.
D 2.61225 2.10689 0.0 0.58765 7,19,19' ,21,21"
R 0.5 0.35356 0.5 0.58114 1,1',2,2',16,16 '
F 1.06410 1.28730 0.5 0.45138 4,16,16',18;18'
SUbstitutionals x: y z· d Touc}'l±ng
A 22 3.5 2.37543 0.0 1.16698 7,8,22',22"
B 7 2.99286 1.80312 0.0 1.14597 7',7",19,19' ,22
C 10 4.22549 2.31543 0.5 1.11001 8,8',10',10",12,12',22,22'
D 19 2.06250 1.63520 0.5 1.05205 5,18,18' ,19' ,19"
E 4 1.53724 0.99672 0.5 1.01077 16,16',5,19
F 12 4.96296 2.85462 0.0 1.00206 10,10' ,12',12u ,25,25'
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L:41c 124.12° (338) 6.2 = 0.0
VEX = 0.46822
Not the densest
Contacts: 12-32, 12-32' , 18-37, 18'-37
Interstitia1s x y z d Touching
A 5.71132 3.74123 0.0 0.91243 15,15' ,32,32' ,33,33'
B 3.5 2.04160 0.5 0.89063 7,7',8,8',29,29'
C 2.0 1.25663 0.0 0.79106 4,4' ,5,5' ,26,26 '
D 4.19637 2.95586 0.5 0.77612 10,29,29',30,30'
E 8.5 4.71682 0.0 0.70285 18,18',19,19',40,40'
F 2.90573 2.23751 0.0 0.65735 7,27,27' ,29
G 7.0 3.93791 0.0 0.62715 15,15',16,16',37,37'
H 5.5 3.17846 0.5 0.57800 12,12',13,13' ,32
I 1.15201 1.39493 0.5 0.54167 4,33,33' ,34,34'
J 7.61895 4.86449 0.0 0.45862 18,37,37',38,38'
K 6.04478 4.09523 0.5 0.44290 15,33,35,35'
L 2.48219 1.42683 0.5 0.43984 5,7,7',26
Substitutiona1s x y z d Touching
A 29 3.5 2.39146 0.0 1.19547 7,8,29',29"
B 7 3.00351 1.85787 0.0 1.18158 8,26,26',29
C 26 2.05100 1.66189 0.5 1.11015 5,24,24',26' ,26"
D 10 4.23045 2.31192 0.5 1.10617 8,8',10',10",12,12',29,29'
E 4 1.53042 1.09089 0.5 1.08555 5,22,22',26
F 40 8.62155 5.19072 0.0 1.04165 19,38,38',40',40"
G 15 6.34298 3.64657 0.5 1.03665 13,13' ,15' ,15", 35,35'
H 35 6.32753 4.39538 0.0 1.01900 15,15' ,33,33' ,35' ,35",37,37'-200-
5. 5 SUMMARY TABLE












boundary plane Miller indices
rotation angle of the crystals (see Section 3.3 for
convention)
excess volume (see Section 2.3 for definition)
length of the shortest repeat vector in the
boundary in the plane perpendicular to the tilt axis
(see Figs. la and lb)
relative displacement of the two crystals in the direction
of the tilt axis
diameter of the three largest interstitial spheres
diameter of the three largest substititional spheres
symmetry elements (see Section 4.1)
F: faceting
G: glide-reflection
R: screw axis rotation
S: staggering
CSL: exact coincidence site arrangement
Area of the boundary repeat unit (see Fig. 1)-201-
[100]
:E ANGLE
EX ILzl INTERST. SUBST. SYM p-_ PAGE PLANE V L
0.5673
5 021 53.13 0.32210 110 0.32562 0.5326 S 2.2361 52
0.5307
0.6643
5 031 36.87 0.31945 15 0.19285 0.4518 R 3.1623 46
0.7396
13a 032 67.38 0.40132 126 -0.04929 0.6749 S 3.6056 62·
0.6473
0.7889 1.0564
13a 051 22.62 0.41761 113 0.25339 0.6017 R 5.0990 38
0.4751
0.7544
17a 053 61.93 0.40339 ill 0.22953 0.6265 RF 5.8310 56
0.5035
0.7678 1.1214
17a 041 28.07 0.3850 134 0.7487 1.0736 S 4.1231 40
0.5812 1.0017 CSL
0.8111 1.0618
25a 043 73.74 0.45180 150 0.7670 1.0558 S 5.0000 66
0.6497 1.0233
0.8626 1.1921
25a 071 16.26 0.4490 5 0.8381 1.1274 7.0711 34
0.7379 1.0964 CSL
0.6243 1.0336
29a 073 46.40 0.39735 129 0.33908 0.6183 1.0123 RF 7.6158 50
0.6034
0.6442 1.0170
29a 052 43.60 0.39336 158 0.33908 0.6427 1.0010 SF 5.3852 48
0.6324
0.8566 1.1767
37a 075 71.08 0.47063 m 0.06209 0.7281 1.1221 R 8.6023 64
0.6149 1.0549
0.8314 1.1309
37a 061 18.92 0.45906 If4 -0.09288 0.8153 1.0649 S 6.0828 36
/ 0.6794 1.0510
7 0.8626 1.1289
41a 054 77.32 0.48590 182 0.8048 1.1159 S 6.4031 68
0.7092 1.0909
0.8801 1.1404
41a 091 12.68 0.48695 141 -0.29703 0.7664 1.0780 R 9.0554 32
0.6609 1.0697
0.8848 1.1455
53b 095 58.11 0.48835 /53 0.10891 0.7761 1.0933 R 10.2956 54
0.6821 1.0647
0.8584 1.1298
53b 072 31.89 0.46567 1106 0.04373 0.8419 1.1088 S 7.2801 42
0.7288 1.0958
0.7724 1.0517
85 0,11,7 64.94 0.37085 185 0.01133 0.7724 1.0138 RF 13.0384 58
0.7259 1.0093-203-
[110]
2: PLANE ANGLE VEX L l6.zI INTERST. SUBST. SYM A PAGE
0.5626 1.0057
41c 338 124.12 0.27305 /82 0.2331.1 0.5537 1.0056 RF 9.0554 100
0,5478 1.0015
0.8270 1.1394
41c 443 55.88 0.37375 /til 0.09794 0.6566 1.1277 R 6.4031 82
0.4980 1.0420
0.7825 1.1200
43 335 99.37 0.32277 143 0.6564 1.0145 S 3.2787 94
0.5103 1.0107
0.8818 1.2273
43 556 80.63 0.38819 186 0.7623 1.1691 G 9.2736 88
0.6485 1.1429
t Glide vector not perpendicular to tilt axis.."
-204-
[111]
L: PLANE ANGLE VEX L 16Z1 INTERST. SUBST. SYM A PAGE
0.60302 ----
3 121 60.00 0.2092 3 0.40825 ---- ---- --- 2.4495 130
----
0.7596 1.0457
7 231 38.21 0.37534 121 -0.27365 0.7386 ---- 3S 3.7417 124
0.5201 ----
0.8338 1.1005
13b 341 27.80 0.44247 I~ 0;19707 0.7880 1.0404 3S 5.0990 118
0.6373 1.0401
0.8442 1.1449
19b 352 46.83 0.42918 .;'57" 0.27217 0.8056 1.0423 3S 6.1644 126
0.6959 1.0347
0.8742 1.1415
21a 451 21.79 0.475€?4 ';7- -0.15191 0.8234 1.0938 --- 6.4807 116
0.6987 1.M05
0.8990 1.1749
31a 561 17.90 0.49482 v'93 0.12292 0.8491 1.1410 3S 7.8740 114
0.7459 1.1272
0.8790 1.1392
37c 473 50.57 0.44395 .;ill 0.23778 0.8581 1.0884 3S 8.6023 128
0.7682 1.0814
0.8895 1.1087
39a 572 32.21 0.47914 113 0.15188 0.8234 1.0767 --- 8.8318 120
0.7694 1.0606
0.7397 ----
3 110 . 60.00 0.4108 I-r- 0.40825 0.4861 ---- --- . 4.2426 150 ---- ----
0.7530 1.0574
7 451 38.21 0.41358 17 -0.35902 0.6361 1.0563 R 6.4807 144
0.6262 ----
0.8260 1.1864
13b 572 27.80 0.48069 113 0.05696 0.8121 1.1672 RF 8.8318 136
••• 0.7836 1.0897
0.8220 1.1700
19b 781 46.83 0.49963 .;I9 0.28232 0.7845 1.1137 R 10.6771 146
0.6851 1.0136
0.8426 1.1430
21a 231 21.79 0.49375 III -0.24811 0.7708 1.1376 RF 11.2250 134
0.7250 1.0946
0.8667 1.1702
31a 7,11,4 17.90 0.49153 vI3l -0.25974 0.8141 1.0981 RF 13.6382 132
0.6938 1.0768
0.7519 1.0413
37c 10,IT,1 50.57 0.46030 .;'F 0.36079 0.7133 1.0287 RF 14.8997 148
0.7016 1.0274
0.8707 1.1710




2: PLANE ANGLE VEX L 16z1 INTERST. SUBST. SYM. A PAGE
[100]
0.7527 1.0446
5 021 53.13 0.3898 110 0.5262 S 2.2361 154
0.5033
0.6703 1.0238
5 031 36.87 0.3411 15 0.4695 G 3.1623 156
0.4476
0.7531 1.0218
13a 023 67.38 0.40287 126 --- 0.6733. 1.0023 S 3.6056 158
0.6346
0.8172 1.1175
13a 023 67.38 0.4402 126 0.6996 1.0860 S 3.6056 160
0.5344 1.0220 CSL
0.8626 1.1726
13a 051 22.62 0.4670 ill 0.8111 1.1685 5.0990 162
0.6557 1.0742 CSL
0.7987 1.1147
17a 053 61. 93 0.42850 Ii7 0.09476 0.6307 1.0190 R 5.8310 164
0.4999
0.8192 1.1204
17a 053 61. 93 0.4404 Ii7 0.7880 1.0690 5.8310 166
0.6842 1.0551
0.8504 1.0879
29a 073 46.40 0.46398 .12"9 0.15415 0.7117 ..•.1.0591 R 7.6158 168
0.6007 1..0216
0.8720 1.1539
29a 073 46.40 0.48540 129 0.01699 0.8383 1.0948 7.6158 170
0.7459 1.0910
0.9386 1.1620
29a 073 46.40 0.5211 129 0.8627 1.0899 7.6158 172
0.7866 1.0897 CSL
0.8231 1.1041
29a 052 43.60 0.4422 158 0.8111 1.0785 S 5.3852 174
0.6492 1.0468 CSL
0.8837 1.0793




_.- - .- ....._-- "- ,-_.-.. ............
9 i21 38.94 0.3246 ::; 0.6189 1.0099 3.0000 178
0.5393
0.5807
11 113 129.52 cr~1591 III 0.4272 S 1.6583 180
0.7802 1.1107
11 332 50.48 0.3551 m 0.5517 1.0847 G 4.6904 182
0.4606 1.0066
0.8290 ·1.1266





19a 331 26.53 0.2428 /1'9 0.4846 1.00030 S 2.1794 186
0.4628
0.8346 1.0768
27a 552 31.58 0.43619 /5'4 0.22009 0.6931 1.0730 R 7.3485 188
0.5797 1.0378
0.8547 1.1944
27a 552 31.58 0.47211 & 0.8230 1.1714 7.3485 190
0.6963 1.1227
0.7920 1.1926
33a 118 159.95 0.42962 16"6- 0.02736 0.7328 1.1015 RF. 8.1240 192
0.6005 1.0310
9.8662 1.1702
33a 118 159.95 0.48125 166 0.8658 1.0912 F 8.1240 194
0.7450 1.0882
0.8504 . 1.1670
33c 225 121.01 0.41450 m 0.7847 1.1460 5.7446 196
0.6997 1.1100
0.9124 1.1955
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Figure 6(b) Boundary plane orientat;ions for the [110] boundaries.[112]
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